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1 Introduction  
1.1 Background  
 
The world of mapping has changed. In the past, trusted professionals, working mainly in 
national land surveying offices and commercial mapping companies, such as in worldwide 
known Navteq and TeleAtlas, and Karttakeskus in Finland, had been responsible for making 
the maps we have been using. They have been selling their data with high costs and limiting 
the use of the data by copyrights and licences. During the past few years, technological 
development has revolutionised the Internet and mapping. The number of paper maps had 
been decreasing for several decades, because updating printed maps is expensive, and 
governments do not want to pay the increasing costs. The update cycle of printed maps is slow 
while objects on the maps, such as new roads or buildings, are changing continuously. Remote 
sensing has substituted traditional mapping for many purposes, but there are many things that 
cannot be seen from the air and need in situ surveying, and sometimes local knowledge, such 
as the names of places (Goodchild 2007a: 217; Haklay et al. 2008: 2027).  
 
Maps are not only made by professionals anymore, but more and more often maps are made 
by untrained people (Haklay et al. 2008: 2012). User-generated content is the term meaning 
the content in the Internet that is created by regular people who voluntarily contribute data, 
and it  is  currently  one of  the fastest  growing forms of  content  in  the Internet  (Krumm et  al.  
2008: 10). Also a term crowdsourcing has often mentioned when talking of user-generated 
content. Crowdsourcing is about sharing user-generated content by users who are not centrally 
organized. New tools and techniques, and fast developments in Web mapping and use of 
geographical information have made it possible to ordinary people with minimal technical 
skills to do what only professional mapmakers were able to do before (Haklay et al. 2008: 
2012). These people are producing spatial data voluntarily and they do not necessarily have 
any specific knowledge about geographic information science (GIS) (Goodchild 2007a: 212).  
 
Goodchild (2007a: 212) named this special case of user-generated content, where untrained 
people have superseded professionals in the mapmaking, volunteered geographic information 
(VGI). Goodchild (2009a: 94) suggested the contributors of VGI, who are providing an 
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alternative to an authoritative source of geographic data, to be called neo-explorers. Goodchild 
(2007b: 29) has described the world of VGI as unorganized by saying it is “chaotic with little 
in the way of formal structures. Information is constantly being created and cross-referenced, 
and flows in all directions, since producers and consumers are no longer distinguishable”. A 
clear reason for the popularity of VGI is that all this content created by amateurs is free of 
charge and users are free to use it for their own needs (Zielstra & Zipf 2010: 1). Because of 
VGI, up-to-date data are available to users and many times it can be information that has never 
been mapped before (Maué & Schade 2008: 5; Chilton 2009). At first, this information 
included basic things, such as geotags on Wikipedia articles, but today more complex and 
unusual data than before are mapped, such as the location of post boxes or even the location of 
separate trees (Zielstra & Zipf 2010: 14). 
 
It is now easier than previously to use Internet and new technologies and tools to find, create, 
develop, share, publish maps and places, and use information using socially networked 
platforms. Turner has named this neogeography and it has made geographic information more 
familiar to people (Turner 2006: 2; Haklay et al. 2008: 2012, 2020). Developments in the 
Internet and in technology have increased significantly the number of online mapping websites 
and the number of people who participate to generate online content. This means there are 
evidently great number of people sitting in front of their computers using these new tools and 
technologies to produce spatial data voluntarily on their own time without getting any money 
paid for the work they do (Haklay et al. 2008: 2035; Peterson 2008a: 37; Goodchild 2009a: 
94). Because a growing number of maps are made by non-expert amateurs, not by expert 
professionals, the division of producer and user is blurring, which has created the term 
“produser” (Coleman et al. 2009: 332; Goodchild 2009a: 82). Many of these non-expert 
amateurs might not think of the work done as a voluntary work. Everyone of course has his or 
her own reasons to participate, but it is obvious that personal interest is important, not getting 
paid  (Lietsala  &  Sirkkunen  2008:  14).  What  clearly  makes  the  difference  between  
neogeography and traditional geography is that as neogeography expands in the Internet, it has 
extremely deeper and faster outreach than any medium of traditional geography (Rana & 
Joliveau 2009: 80).  
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The growing interest towards VGI and neogeography is making systems that are easy to use 
and open to everyone more popular (Goodchild 2009b: 1041). Michael J. Casey (2009) argues, 
that when the generation, for whom the possibilities of Internet, wireless communication and 
geo-location are just mundane, starts to take over the work force in coming years, we will be 
witnessing a giant change. This “download generation” born in the 1990s and beyond will 
have an enormous technological leap over their parents.  
 
1.2 The aims of the research 
 
Due to the rise and nature of untrained and volunteered mappers, the origin of geographic 
information, its quality, veracity, reliability and value as an information source have 
concerned researchers. Also the motivation of why these people map is a question that many 
researches have raised up (e.g. Coote & Rackham 2008; Flanaging & Metzger 2008; Haklay & 
Weber 2008; Coleman et al. 2009). These are some of the key questions that this study aimes 
to make clearer. There has been much research about the quality of volunteered geographic 
information, but not much research about the users, which is why the social side of Web 
mapping, in addition to the data quality, is an interesting area to study. The questions of who 
contributes data, and how they do it are important questions as they surely affect the quality of 
the data (Goodchild 2007a: 218).  
 
A central part of this study is an OpenStreetMap project (OSM), which could be described as 
“The Wikipedia of maps”. The aim of OpenStreetMap is to create a map of the entire world by 
volunteers. Anyone can become an OSM contributor and the data created by these volunteers 
are free to use without any charges or limiting copyright licenses. Mordechai Haklay (2010), 
Aamer Ather (2009) and Ourania Kounadi (2009) have studied the data quality of 
OpenStreetMap earlier, and these studies are shortly presented in chapter 2.6.8. 
 
As opening government data to the public is a current topic in many countries, the opening of 
high quality geographical data has a remarkable role in this study. This thesis is accomplished 
in co-operation with the Finnish Geodetic Institute (FGI), which provided their high quality 
aerial imagery from the study area for this study. The aim of this study is to investigate the 
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quality of the data produced by volunteers, by comparing it with the official map data, and to 
follow what occurs when high quality spatial data are released freely to the users. The methods 
volunteers use for collecting and editing the data, as well as their motivations and opinions of 
VGI were also studied, as there are no previous studies of the users made before at this level.  
 
The main research questions of the study are:  
? How is the quality of the voluntarily collected spatial data?  
? How does the voluntarily mapped data differ from the data of public authorities? 
? Who is participating in Web mapping and how is the mapping done in practice? 
? What motivates people to map and how is the quality of crowdsourced geographic data 
envisaged? 
 
1.3 The structure of the master’s thesis  
In the next chapter the earlier research and the different themes relating to the study are 
reviewed. The aim of the chapter is to give some background to the study by a literature 
review. There were two approaches in the thesis how OpenStreetMap was studied. First point 
of view is to study how the opening of high quality aerial imagery to the users changes the 
quality of OpenStreetMap. A pilot project done is introduced, and the quality of OSM data is 
investigated by comparing it with the data of National Land Survey of Finland (NLS). The 
quality of OSM is studied by concentrating on the completeness and the positional accuracy of 
OSM data, as well as the differences in attribute data between OSM and NLS data. In addition, 
the OSM contributors in the study area are analysed and a visual analysis is done. The second 
approach to OpenStreetMap was to study the contributors of OpenStreetMap. In chapter 3, the 
materials and methods of both approaches are presented, and chapter 4 shows the results of 
both viewpoints. In chapter 5, the results of the study are summarized and some discussion 
about the future prospects finishes the study.  
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On 1 May 2000 the USA removed the selective availability of the GPS signal, so that the 
accuracy that used to be approximately 100 meters, is now 6–10 meters in normal conditions 
(Haklay & Weber 2008: 12). This accuracy is normally enough for amateur mappers, but 
professionals can gain much better accuracies with their devices. A number of new activities 
have initiated because of GPS, for example, the creation of maps in different ways, such as 
walking, cycling or driving (Goodchild 2007a: 216). Information collected with GPS receiver 
was complicated to share before the GPS exchange format (GPX) was published in 2002. 
GPX standard stores waypoints and tracks from GPS units using XML file definition (Turner 
2006: 5; Haklay & Weber 2008: 12; TopoGrafix 2010).  
 
In few years, Europe will have its own navigation satellite system called Galileo. It will be 
inter-operable with GPS and GLONASS and deliver real-time positioning accuracy down to 
the metre range. Galileo is needed because Europeans have no alternative other than to take 
their positions from GPS or GLONASS, which both are operated by one single country. If the 
signals were switched off, it would be crucial for our society whose many functions are today 
dependent on them (European Space Agency 2010a, 2010b). 
 
2.1.2 Devices 
 
The growing number of mobile phones has been a great development, and especially the 
growth of smartphones, which have more advanced computing ability and connectivity than 
the traditional mobile phones. Smartphones could be described as handheld computers 
integrated with a mobile phone. They have functions as cameras and GPS integrated, and users 
are able to install applications to them, including a number of map applications. Growth in the 
smartphone market has been incredible in the last couple of years; in 2010 smartphone sales 
were up 72 % from 2009 and it accounted for approximately 20 % of total mobile device sales 
in 2010. The smartphones are primarily sold in advanced markets, where networks are fast 
enough for smartphone use and users have a good income (Gartner 2011). The mushrooming 
of mobile phones with GPS receivers is making mapping easier, even though the small screen 
sizes of the mobile devices can be a problem when showing maps on the screen (Peterson 
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2008a: 45). In addition to mobile devices, entirely new kinds of devices, such as tablet PCs are 
now conquering the markets. 
 
2.2 Internet and technologies   
2.2.1 Internet     
The unscrambling of satellite signals, cheaper GPS receivers and generalised use of them, the 
availability of geographic information, such as satellite imagery in the public domain, and the 
new tools and technologies have been important to the development of VGI (Chilton 2009). 
Added to these, one of the most important developments is the widespread access to the high 
capacity broadband Internet connection, without which VGI would be impossible (Goodchild 
2007a: 217). According to Peterson (2008a: 37, 2008b: 4), the increasing number of Internet 
connections and especially broadband connections is important for VGI, and the distribution 
of maps is greater than ever.  
 
In 2010, 30 % of the world’s population were using Internet, and the number of Internet users 
has doubled between 2005 and 2010. While 71 % of the population in developed countries are 
Internet users, only 21 % of the population in developing countries are online (see figure 2) 
(International Telecommunication Union (ITU) 2010). In many parts of the world, and 
especially in third world countries, access to the Internet by computer is expensive, which is 
why people prefer to use the cheaper option, to connect to the Internet through their mobile 
phone (Peterson 2008b: 4). According to Peterson (2008b: 4), almost all the new Internet users 
are using Internet through mobile devices and the number of these people has been in a 
dramatic growth since the year 2000. This is why mobile phones have been seen as the great 
equalizer of the digital divide.  
 
For the VGI and for applications on the Internet, as important as the growth of Internet users, 
has been the strong growth in fixed high-speed broadband subscriptions, in both developed 
and developing countries. The estimated number of high-speed broadband connections for the 
year 2010 globally, was 555 millions, which means 8 % penetration (see figure 3) 
(International Telecommunication Union (ITU) 2010).  
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Figure 2. The number of Internet users in the world 2005–2010 (International 
Telecommunication Union (ITU) 2010).  
 
 
Figure 3. Fixed broadband subscriptions per 100 inhabitants in 2000–2010 (International 
Telecommunication Union (ITU) 2010).  
 
Finnish people are one of the most active nations using Internet in Europe. According to 
Kohvakka (2009), in 2008, seven leading countries using Internet in Europe were the 
Netherlands, Iceland, Luxemburg, Norway, Sweden, Denmark, and Finland. In Finland, 81 % 
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of the households had Internet connection in 2010, which is three-percentage units growth 
from the year 2009. Even greater difference in the Internet connections in households was the 
mushrooming of wireless Internet connections (see table 1). In 2010, 24 % of households had 
the wireless connection from computer via 3G mobile phone networks and 6 % had other 
wireless connection from computer to broadband network. 86 % of Finnish people aged 16–74 
had used Internet during the last three months according to research made in 2010, which is 
four percentage units more than in 2009. Those who in general use Internet, typically use it 
daily. In Finland, 72 % of the people use Internet daily or almost daily. For comparison, in 
Italy only 42 % of population are Internet users, but within these users, 84 % use Internet daily 
(Kohvakka 2009; Tilastokeskus 2010: 5, 7).  
 
The great development in broadband Internet has had some very positive effects. In 2010, 
Finland became the first country in the world to grant citizens with the legal right to in-home 
broadband Internet connection. This means that from July 2010 on, Finns have had the right to 
access at least 1Mb/s broadband connection for a reasonable expense. The aim is that by the 
end of 2015, over 99 % of the population will live not further than two kilometres away from 
the fiber-optic or cable networks working at the speed of 100Mb/s (TechSpot 2010; 
Viestintävirasto 2010).  
 
Table 1. Fixed and wireless broadband networks in households in Finland 2010 (Tilastokeskus 
2010; 19–20).  
Fixed and wireless broadband networks in households in Finland 2010  
  
ADLS or 
DLS 
broadband 
connection 
Wireless connection 
from computer via 
3G-mobile phone 
network  
Mobile 
phone 
via 3G 
network 
Other wireless 
connection from 
computer to 
broadband network 
All 
households 42 % 24 % 14 % 6 % 
 
However, even though the Internet connections have become better, it has to be remembered 
that the digital divide touches many people in the world, and this revolution of the high speed 
broadband connection has been seen mostly in industrialised countries, with third world 
countries still lacking the fast Internet connections (Goodchild 2007a: 220). Being able to 
connect to the Internet does not automatically mean that one is able to use the information 
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found on the Internet. Some countries have limited the access to the Internet or some specific 
Internet sites (Peterson 2008b: 6). Because of censoring, access to some map data on the 
Internet can also be limited, which is against the idea called net neutrality, which means ”the 
principle that Internet users can go to any website, run any web application, and attach any 
device to the network without restriction by the Internet service provider” (Peterson 2008b: 7). 
This means that the content of the Internet should not be differentially processed, such as the 
speed of access to the website should not be depending on how much it has paid (Crampton 
2009: 96).  
 
2.2.2 Web 2.0     
Tim O’Reilly introduced the term Web 2.0 in 2005 to describe the changes in the services 
available in the Web (Addison 2006: 624). Web 2.0 does not have a hard boundary, but it has 
been described as the new tools and services available in the Web. The basic idea is to see the 
network as a platform, which means building applications that get better the more people use 
them. Web 2.0 is all about harnessing collective intelligence and its foundation is hyperlinking. 
Succinctly put; the more people use applications, the better they get (O’Reilly 2007: 17–18, 
22; O’Reilly & Battelle 2009: 1). Database management is an important part of Web 2.0, and a 
good example of this is Google, which, according to O’Reilly (2007: 19), is the standard 
bearer for Web 2.0. As O’Reilly (2007: 20) describes ”Google isn’t just a collection of 
software tools, it’s a specialized database. Without the data, the tools are useless; without the 
software, the data are unmanageable”. 
 
2.2.3 AJAX and APIs 
 
Two groups of technologies have been especially important in the development of Web 
Mapping 2.0. These are GPS and Web 2.0 technologies, especially Application Programming 
Interfaces (APIs) and Asynchronous JavaScript and XML (AJAX) (Haklay et al. 2008: 2018). 
As O’Reilly (2007: 35) describes: “Ajax isn’t a technology. It is really several technologies, 
each flourishing in its own right, coming together in powerful new ways“. Ajax works by 
fetching information from a remote server anticipating what the user is going to do next, and it 
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provides interaction without the need to refresh the Web page (Haklay et al. 2008: 2019). 
Later, an example will show how Ajax works in concrete when using OpenStreetMap. 
 
Many mapping and other geographic information services rely on APIs, which are enabling a 
greater number of people to use data to create, share, and mash-up information. Through the 
API, users can receive high-resolution geographic data, such as maps, satellite data and 
photographs, which are stored in centralised pools (Haklay et al. 2008: 2020; Elwood 2009: 
257).  
 
2.3 Spatial data infrastructure and INSPIRE directive 
2.3.1 Spatial data infrastructure 
 
The concept of spatial data infrastructure has been defined as “the technology, policies, 
standards, human resources, and related activities necessary to acquire, process, distribute, use, 
maintain, and preserve spatial data” (The White House 2002). Some characteristics of good 
SDIs are ease of use, reliability, multi-level use, flexibility, and up-to-dateness. With a good 
spatial data infrastructure, all the spatial data of society can cause more efficient advantages, 
innovations, security, good administration and business. Producers and suppliers of SDIs are 
formal organizations, and users are passive receivers of the data (Budhantoki et al. 2008: 149; 
Maa- ja metsätalousministeriö 2010: 10, 17).  
 
Spatial data infrastructures exist at different levels, both at international and national 
(Budhantoki et al. 2008: 149). Different SDIs differ from each other in their content and 
accuracy, but they constitute a hierarchy that completes each other. Because spatial data are 
formed in different levels, from the international level to the level of individual projects, the 
situation of having overlapping data develops easily. Overlapping collation of data should be 
avoided, as the integrated use and sharing reduces the costs of the processing and maintenance 
of the data (Rainio 1988: 14; Maa- ja metsätalousministeriö 2010: 14).  
 
In Finland, as early as in 1985, the Land Information System (LIS) project was started, aiming 
to help the use of the spatial data maintained in numeric form, and to avoid the overlapping 
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maintenance. The realization of the project aimed to create new possibilities for the 
exploitation of spatial data, and to enhance the use of data. The concrete aim of the project 
was that the spatial information maintained by different organizations to be available for the 
users in a common form (Rainio 1988: 4, 6–7). The current situation in Finland is that the 
Ministry of Agriculture and Forestry have made a strategy for the different levels of SDI, 
which  will  include  at  least  three  levels.  The  first  level  of  SDI  is  on  the  level  of  European  
Union (EU), which contains data collected from area of EU by the organizations of EU. The 
second  level  of  SDI  is  the  national  SDI,  which  will  be  born  as  a  result  of  the  INSPIRE  
directive. The National Land Survey of Finland has an important role when putting this into 
practice. The third level constitutes of regional and local SDIs, which will first cover some 
central cities and later on probably some other areas. On this level, the geometric and 
contentual accuracy of data are increasingly important. Municipalities and the cooperation 
bodies of municipalities have the central role when realizing these (Maastotietojärjestelmä 
2010: 17).  
 
2.3.2 INSPIRE Directive 
 
The aim of INSPIRE directive (INSPIRE = Infrastructure for Spatial Information in the 
European Community) is to bring all spatial data of European Union together. The directive 
came into force on 15 May 2007 and the full implementation is required by 2019. The goal of 
the directive is to harmonize data access among 27 member states of European Union, make 
the sharing of environmental spatial information possible among public sector organizations, 
and improve the public access to spatial information. In total 34 spatial themes needed for 
environmental applications are taken into account, with key components specified through 
technical implementing rules. Along with the INSPIRE directive, the spatial data describing 
environment will be available in a common form from all European Union countries (Turner 
2006: 39; European Commission 2010a, 2010b; Poikola et al. 2010: 38, 51). 
 
”INSPIRE is based on a number of common principles: 
? Data should be collected only once and kept where it can be maintained most 
effectively. 
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? It should be possible to combine seamless spatial information from different sources 
across Europe and share it with many users and applications. 
? It should be possible for information collected at one level/scale to be shared with all 
levels/scales; detailed for thorough investigations,  
general for strategic purposes. 
? Geographic information needed for good 
governance at all levels should be readily and 
transparently available. 
? Easy to find what geographic information is 
available, how it can be used to meet a particular 
need, and under which conditions it can be 
acquired and used.” (European Commission 2010a)            Figure 4. Logo of INSPIRE      
             (GeoConnexion 2011).  
2.4 Data and licenses  
Even though there have been lots of changes in every component of GIS, the most significant 
development may has been in the area of data production, when the masses are changing from 
passive consumers to the active producers of geospatial information (Sui 2008: 3). In a world 
before Web 2.0, volunteered geographic information in the scale as it appears today would 
have been impossible because the licenses to use the background cartography were extremely 
expensive. A number of factors limited the use of geographic information and GIS capabilities 
delivered over the Internet. The development of Web mapping applications was complicated, 
which limited the number of developers, and so the costs of Web mapping remained high. Due 
to the high costs, the update cycle was slow and did not take into account rapid changes 
(Haklay et al. 2008: 2018, 2027; Hudson-Smith et al. 2009: 534).  
As the content produced by volunteers improves, it also begins to wake up interest outside of 
the community. Because of this, it has to be taken into account that every member of the site 
must agree to the copyright terms of the content, so that they know what they are and what 
they are not allowed to do with the data (Lietsala & Sirkkunen 2008: 97). Licenses have 
become the main type of contract in the new media market of intellectual value and many 
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open source data are licensed under some open license. Creative Commons, for example, have 
popular open licenses that are broadly used. Data licensed by an open source license allow 
users to consume the data without charge, and any other user can do the same with anything 
that is produced with these data (van Dijk 2006: 147; Coote & Rackham 2008: 3; Creative 
Commons 2011). The license used in OpenStreetMap is introduced in chapter 2.6.7. 
 
According to Tolvanen & Kalliola (2002: 253–254), licenses and high costs do not limit only 
amateurs, but also researchers. The result of this can be that the background data used in the 
researches are not the highest quality data, which would be essential to receive the best 
possible results. For example, if using a low accuracy map in digitizing and the original map is 
removed from the result map, the unknown positional mistakes will be copied to the new data 
based on the data on the digitized map. The new presumably upcoming trend of opening data 
for users can be a big relief, not only to volunteer mappers, but also to researchers. 
 
2.4.1 Open data 
 
The world is changing towards openness and citizens want to know what occurs around them, 
which for example, the recent news of Wikileak has concretized. As a part of this, 
governments around the globe have now begun to open their data in order to make 
governments open and transparent, by the governments of the United States and the United 
Kingdom showing an example of this by opening their governmental data to public (the US 
opened their data in 2009 and UK in 2010) (Data.gov 2011; Data.gov.uk 2011; Schellong & 
Stepanets 2011: 1).  
 
Open data have been described as being like a philosophy, meaning that resources are freely 
available and reusable (Schellong & Stepanets 2011: 4). Open data are described in the report 
made in Finland by the Ministry of Transport and Communication, as the data created by the 
public sector that are available fully, so that it can be used legally without the authorities at 
any time of the day. Open data are available in the Internet, and anyone is free to read, 
download, copy, edit, distribute, print, search, link to data, and use them for any lawful 
purpose without any legal, financial, technical or practical restrictions. Open data could be 
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thought as a public commodity or as a part of available infrastructure, such as roads and 
streetlights, which are available for everyone visiting a country, whether or not they pay taxes 
to the country (Poikola et al. 2010: 34, 58).  
 
According to Schellong & Stepanets (2011: 2), opening the data of government creates public 
value by “ensuring transparency and accountability, encouraging innovation and economic 
growth, educating and influencing people, or improving efficiency of the government”. The 
advantages of opening the data are the improvement of the quality of data, and it reduces 
overlapping work when the data are collected collectively (Poikola et al. 2010: 23).  
 
In Europe, the European public sector information platform (ePSIplatform) keeps track of 
Open Government Data (OGD) developments in Europe, and creating a pan-European data 
portal has been discussed. A number of countries (e.g. Norway, France, Sweden and Italy) had 
planned to develop open data portals by the end of 2010, but they all failed in achieving the 
target. However, the general trend is to move towards openness and many countries are 
working on their individual catalogues to make their PSI accessible, and it is likely that in 
coming years the governmental data will be open in many European countries (Schellong & 
Stepanets 2011: 8, 14).  
 
Poikola et al. (2010: 31) suggest that individual organizations of public administration have 
the initiator place opening the data. Some data may have hidden demand, which comes to 
daylight only when the data become publicly available. Remarkable parts of the data of public 
administration are spatial data, and the opening of these data has progressed more than the 
opening of other types of data (Poikola et al. 2010: 38, 51).  
 
In Finland, the Finnish government made a decision in principle in March 2011 about the 
availability of digital data of public administration. According to the decision in principle, the 
data have to be openly available and reusable, principally without any charges. The decision in 
principle relates primarily the public data that are conveyable as such, and which processing is 
not restricted by law (Valtioneuvosto 2011).  
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The National Land Survey of Finland (NLS) showed an example when they opened some of 
their data on 1 January 2011. The data they opened included the register of place names, and 
raster and vector data of both 1:1 000 000 and 1:4 500 000 maps. Data were released to 
promote the use of geospatial information, and development of new applications and 
innovations (Maanmittauslaitos 2010a). Another significant progress of opening the data in 
Finland is the “Helsinki Region Infoshare” online service, which offers public data pools from 
the Helsinki Region as open data. The version available at the moment is still improving its 
functionalities, but it strengthens the topicality of open data (Helsinki Region Infoshare 2011). 
 
Poikola et al. (2010: 6, 11) suggest that sharing the data of public administration free of charge 
would benefit the business life, civic activity and the rationalization of administration. Open 
data have been seen as a potential source to do business around. Users’ needs are developing 
continuously and the data need to get in use to profit from it. Opening data has been seen as a 
threat but also as a possibility. The reachability of the users is important when opening data, 
meaning that it has to be taken care of that the users know that the data are available and that 
they can find it from the Internet, as otherwise opening does not gain any benefits. 
 
2.5 People  
Without users and contributors volunteered geographic information would not exist. The 
change from the passive consumer to the active producer has occurred in a short time. Even 
though the number of users taking part to crowdsourcing is increasing, some issues, such as 
the digital divide, are still restricting the participation in this phenomenon. In this subchapter, 
some social issues and viewpoints related to VGI are reviewed. 
 
2.5.1 Digital divide  
The term digital divide has been defined as “the gap between those who do and do not have 
access to computers and the Internet” (van Dijk 2006: 178). In developed countries, owning of 
computers and having fast Internet connections are often taken for granted. The digital divide 
is considered relating only to the gap between developed and developing countries, and to the 
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material and physical access, but it is much more than that. According to van Dijk (2006: 179–
181), the process of appropriating the new technology starts with motivational access. This 
includes the decision of purchasing a computer and Internet connection, to learn the skills 
needed, and to use the applications. The people who are not motivated to these actions stay on 
the other side of the gap.  
 
Material and physical access, and motivation are not enough. After having these fundamental 
parts, it is still required to learn how to manage the hardware and the software. For this, it is 
needed to learn at least three types of digital skills; operational skills (to be able to operate 
computers and network hardware and software), information skills (to be able to search, select 
and process information in computer and in network sources), and strategic skills (to be able 
to use computer and network sources for one’s own purposes and for the general goal of 
improving one’s position in society). These three types of digital skills have a great effect at 
the level of inequality. Especially information and strategic skills are extremely unequally 
divided among the populations of both developing and developed countries (van Dijk 2006: 
181). 
 
The digital divide is not the only thing that separates people into two categories. Issues of 
language and alphabet can also affect even those having a broadband connection, because 
most of the information in the Internet has been written in English with the Roman alphabet 
(Goodchild 2007a: 220). For those who do not speak English, or use some other alphabet than 
the Roman alphabet, the world of Internet is still quite narrow. In addition, different education 
levels can be a limitation to access to the Internet and by this to the VGI (Peterson 2008b: 5).  
 
2.5.2 Social side of VGI 
 
VGI does not mean only the datasets, but behind all this development hides the most vital part 
of VGI; people. To be able to understand communities that produce data voluntarily, such as 
the OpenStreetMap community, it is important to know some basics of the social world behind 
the data.  
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We all live in a society. Society is described by Giddens (2009: 89) as “an aggregate of many 
individuals behaving in regular ways in relation to each other”. Durkheim has argued that 
“society has primacy over individual person”, meaning that social structure is limiting what 
we can do as individuals (Giddens 2009: 88). Social structure exists in so far as individuals in 
societies, groups, or communities are behaving in predictable and regular way (Giddens 2009: 
89).  
 
In the western world, people live in an information society. It is a society, which has been born 
with the rise of information technology and is no longer based primarily on the production of 
knowledge. Information societies stretch further and further away in the time-space 
distantiation, meaning that because of the Internet, the physical distance between places or 
people does not matter anymore, because the data can be processed immediately almost 
everywhere in the world, which makes distance and time lose their importance (van Dijk 
2006: 157; Giddens 2009: 816, 1122).  
 
In modern societies, people interact all the time with other people, who they may never have 
seen or met, and at the individual level the use of networks is dominating their lives (van Dijk 
2006: 1; Giddens 2009: 275). The Internet and the development of information science are the 
power of networks nowadays (Giddens 2009: 816) and as van Dijk (2006: 2) has suggested, 
the 21st century could be called “the age of networks”. Networks are described by Giddens 
(2009: 815) as “all the direct and indirect connections that link a person or a group with other 
people and groups”. A great number of networks are social groups, but not all of them 
(Giddens 2009: 815). For example, virtual communities are groups that exist in the Web, but 
may not be considered as social groups, because they normally share a common interest, but 
not likely the common sense of identity, which is the main feature of social groups. The 
common interest can be the only thing that links the individuals in virtual communities, and 
they can be heterogeneous in everything else. In addition, virtual communities differ from the 
other communities, as they are not tied to time, place, neither to physical or material 
environments (van Dijk 2006: 166–167; Giddens 2009: 815, 1137).  
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The concept of network society is defined by van Dijk (2006: 20) as ”a social formation with 
an infrastructure of social and media networks enabling its prime mode of organization at all 
levels (individual, group/organizational and societal)”. The basic unit linked by networks in 
the western societies is the individual, while in other societies it still might be for example 
family, kinship, group or local community (van Dijk 2006: 20, 28).  
 
In cyberspace, which means “the global network of computers that compose the Internet” 
(Giddens 2009: 728), people cannot be sure about the identity of other people, which makes 
communication on the Internet focus on the communication and the content of text (Giddens 
2009: 276). A computer network covers only the actual machines connected via cables, but it 
needs a set of people connected and linked by each other through Internet to gain a social 
network. Whether these networks will continue to exist, is depending whether the members 
will continue to be the members of the network (Jones 1999: 75; Jin et al. 2009: 1172). This is 
a relevant issue when for example considering the OpenStreetMap project and its continuity.  
 
General requirements for social network communities are, for instance, common interest in a 
subject and a common language, and also the temporal structure, meaning that the use at 
different times makes the participation of great amount of people possible. Additionally, the 
development of social network communities requires that the members of the community and 
individuals have convergent needs. Social network communities can be pretty loose and they 
can change quickly. The characters of the community and its members, such as personality, 
motives, attitudes and skills, also have their effect (Matikainen 2009: 88, 101).  
 
According to Matikainen (2009: 88), the problem is that all kinds of unions of people in the 
Web are seen as communities. In order to solve the problem, Quentin Jones has represented 
four criteria for social network communities. First, a community requires communication and 
interaction between people. Second, a community needs more than two people to work out. 
Third, a social network community requires a common place to meet; like traditional 
communities have a physical place. For social network communities this place or space is 
normally a discussion forum. Fourth, the members of communities need to bond with each 
other and feel as being a member of a community. In social network communities, qualifying 
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this criterion is the most challenging task to distinguish (Matikainen 2009: 88–89). In the case 
of OpenStreetMap, all these criteria are met quite easily, even though the level of bonding 
with other members can differ between individuals. Some contributors take actively part in 
online discussions, meet other people in mapping parties, and have a clear thought why to 
participate in the project, while others might work on their own, with almost no contacts at all 
with other users, and their reasons to participate can be unclear. 
 
According to Matikainen (2009: 94), traditionally the interaction on the Internet has not been 
seen to include any social cues, such as expressions or gestures, because of the lack of non-
verbal communication. The social information processing (SIP) theory of computer-mediated 
communication (CMC), is interested in the different nature of social clues in the Web and in 
face-to-face interaction. SIP theory assumes that even though expressions or gestures cannot 
be seen in the Web, communication participants exchange social information through the 
content, style, and timing of verbal messages online. Also important parts of messages, 
especially in forums and in IRCs, are different cue systems unique to online discussions, such 
as smileys to express emotions (Walther & Parks 2002: 535–536). 
 
It cannot be denied that the social network communities have a lot of power, and most often 
the power has been seen in a good light. Their productivity can also be really amazing. For 
example, OpenStreetMap has created over 1,000,000,00 nodes, over 92,000,000 ways and 
almost 1,000,000 relations (in May 2011) since 2004, and the data are updated and new data 
are added all the time (OSM 2011a). The numbers, however, do not tell the whole truth, as the 
quality of the data cannot be measured and it changes a lot. The productivity of social media is 
based on the great number of users. Because of this, it is obvious that no independent company 
could have produced the same amount of data in the same time period, which makes the great 
productivity of crowds remarkable (Matikainen 2009: 99). As Matikainen (2009: 100) states, 
the key to successful social network communities are the ease of participating and a well-
planned operation model.  
 
The term Web 2.0 has been thought to be almost identical to social media as they share some 
common features (Matikainen 2009: 9). Social media has been described as websites that are 
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based on social networks and most of the content of the websites is received from the 
creativity of the users or combined from other sites as feeds (Lietsala & Sirkkunen 2008: 13). 
Some ideological characteristics are connected to the social media, such as openness, 
democracy, open contents, collective intelligence, altruistic participation, the decrease of the 
hierarchy, and the power of amateurs (Matikainen 2009: 9, 94). According to Näkki et al. 
(2011: 19), social media differs from the traditional media, because users transform between 
the roles of content consumer and content creator and participant, which is the case in VGI as 
well.  But is social media actually social at all in the end? Social media is based on crowds, 
but the action occurs at the individual level, so social media could be considered as social 
action based on individuals, which creates communal action (Matikainen 2009: 101).  
 
According to Lietsala & Sirkkunen (2008: 84), participation to the crowdsourcing projects 
often creates social capital for the participants. Social capital means “the social knowledge 
and connections that enable people to accomplish their goals and extend their influence” 
(Giddens 2009: 817). By participating, the users achieve know-how, trust, and fame within the 
community of the project, or feel self-satisfied (Lietsala & Sirkkunen 2008: 84).   
2.5.3 Motivators 
 
Through the mushrooming of the Internet, many new kinds of social behaviour other than 
online mapping has emerged, such as blogging. All these new ways to act on the Internet have 
raised the same question, why are these people willing to use their time without getting paid 
for their work, even they cannot be sure that anyone ever uses or notices their contributions 
(Goodchild 2007b: 29–30). All contributors have different reasons why they create 
geographical content voluntarily. Self-promotion and personal satisfaction have been guessed 
to be some of the key motivators for Internet mapping (Goodchild 2007a: 219). Coleman et al. 
(2009: 335) were assuming that there could be differences among VGI contributors that may 
have an influence on their behaviour, and the nature, frequency and quality of their 
contributions. This study aims to find out at least some of the motivations to participate.  
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According to a cognitive model, the motivation has been seen as an internal factor and social 
environment as one of the external factors. Actions of humans are social at the basis and the 
motivations of working in the online communities can be searched from the social factors 
(Matikainen 2009: 44). 
 
The content of the collaborative productions, such as OpenStreetMap project, is made in co-
operation with the participants. These productions have a common goal, which in the case of 
OpenStreetMap is to map the entire world. The common goal makes it possible to participants 
to send totally independent data, but when working on the same mission, the independent data 
sums up with all the other data, and makes the content bigger and continuous, and this 
motivates people to participate (Lietsala & Sirkkunen 2008: 51). 
 
Coleman et al. (2009: 343) have combined the lists of Free and Open-Source Software 
(F/OSS), Wikipedia and User Contribution Systems motivators to create a list of motivators to 
make constructive contributions, which are the following:  
 
“(1) Altruism -- contributing purely for the benefit of others with no promise of gain or 
improvement of one’s own personal situation; 
 
(2) Professional or Personal Interest --  making  a  contribution  as  part  of  an  existing  job,  
mandate or personal project; 
 
(3) Intellectual Stimulation -- improvement of technical skills, knowledge and experience 
gained through contributions; 
 
(4) Protection or enhancement of a personal investment -- where offering a practical solution 
to a shared problem offers an immediate payback for participation through shared 
improvement of a common resource; 
 
(5) Social Reward -- by being part of a larger network or virtual community where -- through 
collaboration, discussion and development of the resource – contributors acquire “…a sense of 
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common purpose and belonging that unites them into one community” and encourages further 
sharing (Kuznetsov, 2006); 
 
(6) Enhanced Personal Reputation -- providing the opportunity for registered contributors to 
develop on-line identities that are respected, trusted and valued by their Wikipedian peers, 
thereby increasing their own sense of self worth; 
 
(7) Provides an Outlet for creative & independent self-expression; and 
 
(8) Pride of Place -- where adding information about one's own group or community may be 
good for public relations, tourism, economic development, or simply demonstrating that one's 
own street or establishment is "on the map"” (Coleman et al. 2009: 343–344).  
 
In the case of OpenStreetMap, pride of place is definitely one of the reasons encouraging 
contributors to make updates to data covering their own hometown. Furthermore, the social 
reward, professional or personal interest, and maybe intellectual stimulation might be 
motivators for those contributors who participate in the OSM project and mapping parties 
(Coleman et al. 2009: 344). Coleman et al. (2009: 344–345) remind that there are some 
negative motivators to count as well. One of these is mischief. In the case of OSM, this could 
mean for instance deleting objects, moving the locations of objects, or changing their 
attributes. 
 
According to Huberman et al. (2009: 759), status and recognition have been important 
motivators for taking part to the projects. Open source projects have been described as “gift 
culture”, meaning the participants are trying to gain prestige by donating their time, energy 
and creativity to the project and its community.  
 
Community is a strong motivator for OSM contributors, because as pointed out earlier, in 
OSM there is a sense of a common goal to work for. Also autonomy acts a big part as the 
contributors have the freedom of independent decision making when they are free to pick the 
area and tags they want to edit and complete the task at any time they want (Kuznetsov 2006: 
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4–5). Coote & Rackham (2008: 3) suggest, that one motivator for the creation of content is the 
fact that there are no data available or the frustration because of the cost of geographical data, 
and the limitations of existing data sources. Lietsala & Sirkkunen (2008: 101) argue that the 
main motivator to participate for many people is the possibility to express themselves. Users 
of the community take part if they think that the participation has some value for them 
(Lietsala & Sirkkunen 2008: 174). It is important to notice that users’ motivations to 
contribute information do matter, because the motivation has a remarkable effect on the 
credibility of the contribution (Flanaging & Metzger 2008: 145). Sirkkunen (2006: 146–148) 
states, that the motivators to participate are both private and communal. Private reasons are 
self-expression, developing one’s own skills, receiving feedback, gaining interpersonal 
networks and social capital and producing identity. Communal reasons are instead sharing 
knowledge and skills with others, interest towards projects of a new kind, and learning of 
communities.  
 
Cultural theory literature suggests that there are three different ways how people perceive 
reality and these ways are affecting what motivates people. First group are individualists. 
These people are most likely to be motivated by intellectual stimulation and the protection of 
personal investments, they appreciate efficiency and independence, and think that other people 
are selfish and profit maximizing. The second group are hierarchists. Their key motivator is 
professionalism, they appreciate reliability and resilience, and they think that other people are 
malleable. The last group are egalitarians. They are motivated by social rewards and altruism, 
they appreciate mutuality and reciprocity, and they see other people as collaborative and 
caring (Coleman et al. 2009: 349). All these groups of people can surely be found in the OSM, 
which makes the motivations to contribute information broaden to a large scale.   
 
2.6 Quality of spatial data 
 
One important  thing to  remember when talking about  the quality  of  maps is  that  a  map can 
never be perfect. The complexity and detail of our world make it impossible to capture every 
single feature at every possible scale in a digital representation, and it is important to 
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understand how the database differs from the real world when doing analysis of the digital 
representation (Longley et al. 2005: 128; Goodchild 2009b: 1040).  
 
Michael Goodchild (2006: 13) has described the quality of geographic information as ”a 
measure of the difference between the data and the reality that they represent, and becomes 
poorer as the data and the corresponding reality diverge. Thus, if data are of poor quality, and 
tell us little about the geographic world, then they have little value.” According to Coote & 
Rackham (2008: 7), the conception of quality may vary a lot between data producers and users. 
The quality of data highly depends on for what purpose the data were collected and how they 
are then used. This is essential when thinking of the data produced by volunteers, as regular 
people using the data do not usually have as strict quality requirements as public authorities. 
 
In GIS, the term uncertainty has come to be used as the catch-all term to describe situations in 
which the digital representation is simply incomplete, and as a measure of the general quality 
of the representation (Longley et al. 2005: 128). Next, the different components affecting on 
the quality of spatial data are analysed more closely.  
 
The most important feature in quality for the user is fitness for use, also called external quality.  
If the content of the data is not useful for the purpose of user, its external quality is not good. 
In crowdsourced content, the quality highly depends on the user’s trust in the content (Brando 
& Bucher 2010: 1–2). Many times it does not even matter whether the absolute positions are 
right, as long as relative positions are accurate, for example in the context of street databases 
used for navigation (Goodchild 2009c: 17). For the producer, the most important in the quality 
is the degree of similarity between the data and the representation of the reality, which is 
called internal quality (Brando & Bucher 2010: 2).  
 
According to Coote & Rackham (2008: 9), the quality of geographic data can be defined by 
both subjective and quantitative quality elements. Subjective elements provide an overview of 
the data and include things such as the purpose for what the data is created, in which 
application it is used, and the history of the dataset. Quantitative elements use some quality 
evaluation process to find out the quality of the dataset and include measurements and an 
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objective result. Quantitative elements are for example positional accuracy, temporal accuracy, 
thematic accuracy, completeness of data, credibility of data sources, and logical consistency 
(Coote & Rackham 2008: 9–10; Coleman et al. 2010). A few of the quantitative elements are 
introduced here more in depth, as some of them were used when analysing the quality of VGI.   
 
Positional accuracy is described by Coote & Rackham (2008: 9) as the “accuracy of the 
position of features or geographic objects whether in two or three dimensions”. Positional 
accuracy can be represented as absolute accuracy, relative accuracy or gridded data position 
accuracy (Coote & Rackham 2008: 9). National Map Accuracy Standards often prescribe the 
positional errors that are allowed in databases. A useful rule of thumb is that positions 
measured from maps are subject to errors up to 0.5 millimetres at the scale of the map. This 
means that for example on the map which scale is 1:25 000 (such as Basic map of the National 
Land Survey of Finland), the ground distance corresponding to 0.5 millimetres map distance is 
12.5 metres and on the map, which scale is 1:50 000 (such as Topographic map of the 
National Land Survey of Finland), the ground distance and the positional error allowed is 25 
metres (Longley et al. 2005: 142–143).  
 
Temporal accuracy means the “accuracy of the temporal attributes (dates and times) and 
temporal relationships (e.g. later or earlier than) of features” (Coote & Rackham 2008: 10).  
Temporal accuracy can be expressed as accuracy of time measurement, temporal consistency 
or temporal validity (Coote & Rackham 2008: 9–10). In OSM, there is no guarantee of the 
temporal accuracy. No one is responsible to update the map for certain time or make changes 
to the map. For example if a bridge has been demolished years ago, it might still exist on the 
map even though a newly built road next to the bridge is edited to the map.  
 
Thematic accuracy means the “accuracy of quantitative attributes and the correctness of non-
quantitative attributes and of classifications” (Coote & Rackham 2008: 10). Some examples of 
thematic accuracy are classification correctness, non-quantitative attribute correctness, and 
quantitative attribute accuracy (Coote & Rackham 2008: 10). For example in OpenStreetMap, 
even though there are guidelines for how to use tags, it is not supervised that contributors use 
tags in the right way, so homogeneity in tagging practice is not guaranteed.  
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The term completeness refers to the “presence and absence of objects in a dataset (by 
inference a particular point in time) their attributes and relationships” (Coote & Rackham 
2008: 10). According to Coote & Rackham (2008: 10), completeness can be errors of omission 
(e.g. missing streets) or commission (e.g. there are buildings on the map that are demolished). 
In OSM, the completeness, and in special omission, is extremely outstanding in many areas. 
For instance many big cities are quite well mapped, but many smaller towns have only few 
streets edited on the map. 
 
Flanaging & Metzger (2008: 140) raised the question of who is responsible for the quality of 
crowdsourced data and whether it can be believed. According to Flanaging & Metzger (2008: 
141), credibility is described as being the believability of a source, which is composed of 
trustworthiness and expertise. The question of who is producing data greatly affects the quality 
of the resulting information and it changes from case to case. According to Jin et al. (2009: 
1175), information provided by highly credible sources is believed to be useful and reliable. If 
the data are not updated, or they are incomplete or include inaccurate information, the users 
can stop trusting the data and their usefulness. This can lead to unsatisfied usage experiences 
and furthermore to withdraw of using crowdsourced data. Because of the quality issues, 
healthy scepticism is needed when discovering voluntarily produced data (Coleman et al. 
2009: 345). Source credibility affects the user’s trust in the data and in the expertise of the 
producer of the content. Even though the data produced by public authorities are believed to 
be high quality, in some cases other information providers can have even more accurate data. 
For example farmers can produce data of fields and crops that are in many cases much more 
detailed and up-to-date than the data mapped by central agricultural agencies (Goodchild 
2007a: 218).  
 
Flanaging & Metzger (2008: 144) introduced a study about how Wikipedia users determine 
the credibility of user-generated information. The study results discovered that those who had 
used Wikipedia were much less sceptical about its information quality than those who did not 
use it so much. Flanaging & Metzger argued, that this result suggests that the credibility to 
VGI and open source projects will increase over time, because the existing VGI projects 
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increase in popularity and usage. Identifying typical kinds of errors for VGI, such as accuracy, 
completeness, and correctness, can only be done by comparing the data with the data of higher 
quality. Because the comparison requires usually checking differences by visual searching, it 
is a highly laborious and expensive task (Caspary & Joos 2002: 106).  
 
Even though VGI is becoming more popular, more research has to be done, as VGI will not be 
considered reliable before formal institutional frameworks have done it (Goodchild 2007b: 30). 
Coleman et al. (2009: 335) suggest that the government mapping agencies have the leading 
role to harness the power of crowds to improve the updating process of geospatial data. 
Crowdsourcing could be a really potential way for public authorities to keep the databases up-
to-date and even receive some new data that did not exist before.  
 
The organizations considering using OSM data in their commercial purposes have to have 
really strict quality assurance measures to make sure the quality of data is as good as required, 
because the consequences of passing on inaccurate data to customers would be severe. Until a 
good system to assess the quality of data is invented, it is too risky to include voluntarily 
contributed data in authoritative databases, because wrong information could pollute all the 
data (Coleman et al. 2010).  
 
2.7 OpenStreetMap  
 
In  this  subchapter,  the  OpenStreetMap  project  (OSM)  is  
introduced. First the main principles the project has are described, 
as well as the different parts that the OSM consists of. Then the 
methods how the collecting and editing data works in practice 
are  described,  and  the  chapter  continues  with  the  subchapters        Figure 5. Logo of OSM 
about OSM contributors and the community.            (OSM 2011b). 
  
OpenStreetMap is not the only editable map database in the Internet. For example Wikimapia 
has the same principles as OSM, but have not achieved the same level of popularity as OSM. 
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Other map projects found on the Web are for example Google’s My Maps and ESRI’s 
Mapping for Everyone websites to name a few, which both let people to create maps from the 
readily given data, and share their personalized maps produced to other people (Google 2011a; 
ESRI 2011). In this study the concentration, however, is on OpenStreetMap.       
   
2.7.1 What is it? 
 
OpenStreetMap is one of the most famous of online mapping sites, and one of the leading 
global examples of the effectiveness of crowdsourcing of spatial data (Chilton 2009). 
OpenStreetMap is a free editable map of the whole world; it is where Wikipedia meets maps. 
According to the front page of OpenStreetMap Wiki, ”OpenStreetMap creates and provides 
free geographic data such as street maps to anyone who wants them. The project was started 
because most maps you think of as free actually have legal or technical restrictions on their 
use, holding back people from using them in creative, productive, or unexpected ways” (OSM 
2010a). OSM was founded by Steve Coast in 2004 because the geographical data are not free 
in many parts of the world, but are mapped by government agencies funded by taxes and still 
one has to pay money to get a copy of it. These data are also copyrighted so using them freely 
is not permitted (Chilton 2009). 
 
OSM is free for everyone, but users have to register before they can edit the map. By 
registering it is possible to trace the edits, which increases the trustworthiness of the data. That 
way it is possible to see which user has made which edit and contributors can also add a little 
information about the edit they have made. OSM does not only consist of roads and paths, but 
the map also has point of interests (POIs), objects, land use areas, buildings and much more 
marked (Haklay & Weber 2008: 14; Lietsala & Sirkkunen 2008: 171; Neubauer et al. 2009: 2).  
 
OSM data are often the cheapest source of information and sometimes even the only source, 
especially in areas where maps are not provided because of the issue of national security 
(Goodchild 2007a: 220). The coverage of OSM is not universal, and not even completed in 
well-mapped places like in London where the project started. Also the accuracy of OSM is 
unknown (Haklay & Weber 2008: 17; Haklay et al. 2008: 2029).  According to Chilton (2009), 
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when examining the capital cities of the world by coverage, OSM is well ahead of Google and 
TeleAtlas in Europe and worldwide, and in Africa as well as in Asia it is a bit ahead. In North 
and South America Google is well ahead instead, and in Oceania Google is somewhat ahead.  
 
OSM consists of ”a slippy map”, which uses AJAX technology (Haklay & Weber 2008: 15). 
In concrete, AJAX works in OSM when moving the map. As the globe is round, it should be 
possible to move into infinite, never reaching an end. Because loading the globe in full detail 
would take too long, OSM downloads only the visible parts of the maps and the near regions. 
While moving and dragging round, the AJAX technology in the back loads new near areas that 
may be needed in future (West 2006). OpenStreetMap Wiki is an important part of OSM. 
Wiki contains information about mapmaking, licenses, and other information in relation to 
OSM (Haklay & Weber 2008: 14). In web forums, Internet Relay Chants (IRCs), and via e-
mail lists, contributors can communicate with each other, for example ask help from other 
contributors if they have problems with mapping. In addition, there is a search function 
helping to find a precise place from the map.  
 
The main point in OSM is that nothing is copied from the under the copyright maps, but 
everything is mapped by the users themselves. Some companies have agreed the OSM to use 
their data in the project, such as the aerial imagery from Yahoo! is available. Other data 
sources from which contributors can trace roads and other objects are for example out-of-
copyright maps (Haklay & Weber 2008: 14). Some countries have also given free 
geographical information for OSM, for instance The Topologically Integrated Geographic 
Encoding and Referencing system (TIGER), data for US streets, produced by the US Census 
Bureau (OSM 2010b). Other domain public data sources are for example land cover data for 
France and Estonia and the Netherlands have given the complete road network with addresses 
for their whole country (Geofabrik 2010a). A remarkable progress was at the end of the year 
2010, when Microsoft declared that OSM contributors are allowed to access its global 
orthorectified aerial imagery Bing maps and create maps by tracing them (Microsoft 2010a).  
 
The releases of aerial imageries have quickly spread out the amount of data, especially the 
number of roads. However, the names of roads cannot be traced on aerial imageries, but 
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should be collected by in situ surveys. Plenty of information is missing if in situ surveys are 
not done, which limits the use of the data. For example even though lots of roads are edited to 
the map but if they are missing names, the navigator cannot be used. Open data have been a 
current topic recently and new releases have been seen already, so in the near future there 
might be more data available for OSM contributors, which means that OpenStreetMap is 
getting better continuously.  
 
2.7.2 Collecting data 
 
To be able to participate in the OSM project, one needs some knowledge about computers and 
GPS technology, so that it is possible to use the devices and collect GPS tracks, upload the 
collected tracks to the computer and finally know how the editors works to be able to make 
edits before uploading the data to the OSM server (Haklay et al. 2008: 2028). In addition to 
the knowledge, the main requirement is that the contributor has a computer and suitable 
devises on hand.  
 
OSM contributors have many options to collect data. The most usual way is to collect data 
with different GPS devices. Today GPS is found for instance in many mobile phones, heart 
rate monitors, and many car owner have a navigator, so there are lots of from where to choose. 
The prices have gone down with the time, for example a simple GPS data logger does not cost 
even 60 euro. If not owning any device with GPS in it, mapping can be done by editing from 
aerial imagery. The contributor can also print the map of the area in interest from 
OpenStreetMap and take it with to make notes on what is missing or what needs to be changed, 
such as house numbers, shop names, or street names (OSM 2010c).  
 
The question of who makes these contributions voluntarily and how they are made, have much 
to do with the quality of the resulting information (Goodchild 2007a: 218). For instance, the 
GPS devices used to capture the data have a lot to do with the positional accuracy, because 
different GPS receivers have different positional accuracy. Also it does make a difference if 
the data are captured while driving a car or if the data are captured while walking. When 
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driving, a lot fewer nodes are saved because of the fast speed, which can make inaccuracies to 
the GPX files.  
 
2.7.3 Editing data 
 
When the data have been collected it is time to use one of the editors to edit the data before 
uploading them to the OSM server. There are different types of editors in OSM. Potlach is a 
lightweight online editor and easy to use for beginners. With Potlach, contributors can add, 
update, or delete geographical objects, for example with the help of Yahoo! Aerial 
photography (Haklay & Weber 2008: 14). Java OpenStreetMap Editor (JOSM)  is  the  most  
popular of editors. JOSM is a feature-rich editor and it requires a little installation and 
configuration effort to make some plugin features to work (OSM 2010d). Also Merkaartor is 
an editor used, and has features such as transparent display of map features, the style editor for 
the map display, and live connection to one’s GPS (OSM 2010e).  
 
When using an editor, contributor first has to digitize the collected route by laying the GPX 
file on the back and digitizing the wanted parts on the top of it. This phase can also include 
risks to the data quality. Every person has a different style to digitize data, some use more 
nodes to make the object sharper and some are more general. Also one can easily make some 
human errors, such as accidentally make changes to the map (Ather 2009: 28). OSM data can 
also be edited in some GIS software, such like in ESRI’s ArcGIS (Haklay & Weber 2008: 16). 
After digitizing, user can add tags to describe the attribute data linked to the object. The 
attribute data are not visible on the map, but can be found with the closer look at the map and 
its attribute data, which needs registration, or at least downloading the data to one of the 
OpenStreetMap editors. After editing the track, the final map is uploaded to OSM (see figure 
6).  
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a.      b.      
 
c.       d. 
 
Figure 6. OSM data collection process. GPS device used for data collection (a.) (Garmin 
2011); collected GPS traces in GPX format with Google map on the back (b.) (Google 2011b); 
digitizing GPS traces in JOSM and adding tags (c.); final map uploaded to OSM server (d.).  
 
2.7.4 Contributors and the community 
 
The number of OSM contributors has been in incredible increase (see figure 7).  In May 2011 
there were over 396,000 registered contributors (OSM 2011a). Most of the OSM contributors 
are not GIS professionals and their daily work does not include working with spatial data, but 
some level of expertise is needed anyway. The level of expertise needed depends on what kind 
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of contributions the user is making. For example, one can take part only by naming streets and 
other simple objects of the real world, to which almost anyone is capable. The more complex 
tasks contributors do the more expertise they need, such as knowing the basic principles of 
geographic measurement and some basic knowledge about cartography (Goodchild 2007b: 28, 
2008: 241).  
 
 
Figure 7. Number of OSM contributors and GPX uploads in March 2011 (OSM 2011c).  
 
When more and more people are contributing data and learning new things, the distinction 
between professional and amateur is quickly blurring. Coleman et al. (2009: 337–342) have 
divided the type of volunteer contributors into five categories and described some examples of 
how the different types of contributors use OSM;  
 
“(1) "Neophyte" -- someone with no formal background in a subject, but possessing the 
interest, time, and willingness to offer an opinion on a subject.” 
Neophyte using OSM: “Identified gaps in map coverage, familiar with the locale, and has 
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obtained the requisite GPS equipment. Interested in making a first contribution.”  
 
“(2) "Interested Amateur" -- someone who has "discovered" their interest in a subject, begun 
reading the background literature, consulted with other colleagues and experts about specific 
issues, is experimenting with its application, and is gaining experience in appreciating the 
subject.” 
Interested Amateur using OSM: “Owns the equipment; familiar with data editing software & 
processes. Regular contributor of edited map data and may assess other contributions.” 
 
(3) "Expert Amateur" --  someone  who  may  know  a  great  deal  about  a  subject,  practices  it  
passionately on occasion, but still does not rely on it for a living.” 
Expert Amateur using OSM: “Expert with the requisite equipment. Regularly assesses & edits 
contributions from others. Participates in specification development & decision-making.”  
 
(4) "Expert Professional" -- someone who has studied & practices a subject, relies on that 
knowledge for a living, and may be sued if their products, opinions and/or recommendations 
are proven inadequate, incorrect or libelous.” 
Expert Professional using OSM: “Mapping or Location-Based Services professional.” 
 
(5) "Expert Authority" -- someone who has widely studied and long practiced a subject to the 
point where he or she is recognized to possess an established record of providing high-quality 
products and services and/or well-informed opinions -- and stands to lose that reputation and 
perhaps their livelihood if that credibility is lost even temporarily.” According to Coleman et 
al. (2009: 342), expert authorities do not use OSM.  
 
Community is an important part of OpenStreetMap. Web forums, IRCs, and e-mail lists 
constitute an important world where users can connect with each other. OSM contributors also 
arrange local workshops, called mapping parties (Figure 8). The aim of the mapping parties is 
to get to know other contributors and to map together local areas by pulling up the strengths 
(Haklay & Weber 2008: 16). In mapping parties OSM uses social mobile computing, which 
means the interactions between people that occur outside the traditional "work" settings and 
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where the communications are 
conducted via mobile devices, like in 
mapping parties where participants 
coordinate their work via mobile 
phones and GPS devices (Smith 2005; 
Haklay & Weber 2008: 18). Somus 
project (Näkki et al. 2011) claims that 
face-to-face meetings have a 
significant role in successful online 
collaboration,  such  in OSM,  and  they Figure 8. Mapping party in UK. 
can motivate  participants to  the  actual (OSM 2011d). 
project that is carried out online.  
     
2.7.5 Edits 
 
Taking part to the OSM project does not only mean new contributions made, but contributors 
can also update the already existing data and attributes. Contributors can for example add 
more tags or make changes to existing tags (Coleman et al. 2009: 347). Typical for OSM is 
that most of the people make edits only a couple of time, and most of the edits are made only 
by a little group of contributors. The earlier analysis of OSM contributors suggests that a small 
number of users contribute the majority of content to OSM database (O’Donovan 2008). Also 
some areas can be mapped only by one person, which reduces the credibility of the mapped 
area (Haklay & Weber 2008: 17). 
 
In OSM, the positional accuracy must necessarily agree with earlier contributions, for example, 
the streets, rivers and the railways that have been added earlier must edgematch with those the 
contributor wants to add, and also the names have to match (Goodchild 2008: 241). This 
enhances the credibility of the data if the contributions match and are made by several 
different contributors. This means contributors are making some degree of control, which is 
obviously a lot better in the areas where there are many contributors editing the same area. 
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Differences in definitions are a major barrier to integrate geographic data over wide areas 
(Longley et al. 2005: 132). In worldwide projects, such as in OpenStreetMap, ambiguity can 
raise the uncertainty. Even though the OSM Wiki is really extensive and one can find good 
advice for editing, it cannot always answer the questions raised because of cultural and 
geographical differences. People in Finland can for instance understand the classification of 
wetlands or soils differently than the people in Kenya, which leads to the fact that the same tag 
can be used differently in different countries. 
 
In VGI, quality does not only mean how accurate the data are, but also how much there are 
data that actually do not exist at all. According to Maué & Schade (2008: 3), VGI usually has 
the problem of missing objects. There can be algorithms and reviews to predict the accuracy of 
existing data, but they do not help to prevent the lack of data. In geographical information data, 
lack of completeness can span over several dimensions (Maué & Schade 2008: 1). It can be 
thematic if areas have missing values, or spatial if areas have less coverage. VGI data can be 
missing the whole objects, but also often thematic attributes. For example in OSM, the 
geometry of the street can be edited, but for example the name and the type of surface of the 
road, or the speed limit of highway can be missing. Completeness can be extremely different 
in different areas. Because many of the OSM contributors want to edit the nearby areas where 
they live, there can be unmapped regions, if no one who edits lives in the area unless someone 
who lives further away maps the area (Maué & Schade 2008: 4). Apart from the densely 
populated parts of the world, there are not many contributors in any specific area, which 
means that the chance that someone notices the changes made is relatively small (Peterson 
2008a: 40).  
 
The phenomenon investigating the quality of data based on the number of contributors is 
known as Linus’ Law. According to the law ”Given enough eyeballs, all bugs are shallow” 
(Raymond 2001: 19), which means that the more people map the same area the more people 
can also notice if there are any errors on the map (Haklay et al. 2010: 194). Haklay et al. 
(2010: 194–195) used Linus’ Law to find out how well it suits OpenStreetMap by comparing 
the number of contributors per square kilometre with the positional accuracy of OSM. The 
results showed that when there were above five contributors, the quality of data did not 
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(such as a new road), constructive amendments, clarifications and additions (for example 
adding attribute data to object), validation and repair of existing entries (for example 
correcting positional accuracy of the object), or minor edits and format changes. The 
damaging category instead includes for example mass deletes (such as removing a large 
amount of data at one time), nonsense (for example meaningless content or irrelevant to the 
context),  partial  deletes  (such  as  the  removal  of  some  of  an  object’s  content),  or  
misinformation (for instance false information, such as wrong tags which can change the 
meaning of the object). When contributions can be easy to categorize to be constructive or 
damaging contribution, making the difference between bad and good contribution is more 
difficult. For instance if one makes a contribution of a road and it appears a couple of metres 
off from the true location, would it be considered as bad contribution or not? (Coleman et al. 
2010). 
 
2.7.6 Subprojects and products  
In addition to the actual map of OSM, there are several subprojects going on and many 
applications are created that use OSM database. For example OpenCycleMap is created for 
cyclists from the OSM database and it shows cycling routes around the world. It has cycling 
specific objects, such as cycle lanes and bicycle parks (OSM 2011e). Another subproject is 
OpenSeaMap. Its goal is to record interesting and useful nautical information for the sailors by 
using the database of OpenStreetMap (OpenSeaMap 2011).  
 
A number of companies, such as CloudMade, Geofabrik and ITO World, use OSM database in 
their services, support and consulting, and making of new products. This proves that the 
crowdsourced data have value and the business can be built around it (Chilton 2009). As a 
phenomenon, OpenStreetMap has been so popular that at least two books have been published 
about it. These books are mainly made for the new OSM users and with the book it is easy to 
learn how to become an OSM contributor. 
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2.7.7 Licence 
 
Open source projects, such as OpenStreetMap, are typically released under open-source 
licenses (Cotfas et al. 2009: 6). At the moment (May 2011), OSM is licensed under the 
Creative Commons Attribution-Share-Alike 2.0 license (CC-BY-SA). This license means that 
people are free to copy, distribute, transmit and adapt OSM maps and data as long as they 
credit OSM and its contributors (OSM 2010f).  
 
OpenStreetMap is changing the license to Open Database License 1.0 (ODbL). The main 
difference between the old and the new license is that the old license is written for creative 
works such as text and photos whereas the new license is written for data and databases and so 
suits better for OSM. Another difference is that the old license attempts to protect data using 
copyright law only. In addition to the copyright law, the new license attempts to protect data 
using also contract law and database laws. The greatest difference between the licenses is that 
in the old license, when someone makes a map, it has to be shared under the same license, but 
sharing any data used to make the map is not required. Under the new license, the map can be 
put under any license, provided that any data enhancements made to OSM data are shared. 
The license change has been on-going since the beginning of 2009. At the time of making this 
study it has made a lot of progress, and it is expected that the new license will be in use in 
coming months during this year. All the contributors have had to accept or decline the new 
license. The edits of those who have accepted the new license will be available under the new 
license, but the edits of those who have declined of the new license will be unavailable, which 
means that quite a bit of data can be lost at the time of license change (OSM 2011f, 2011g). 
 
2.7.8 Previous research on the quality of OpenStreetMap data 
 
Haklay (2010) made a quality analysis of OSM data by comparing it with Ordnance Survey 
datasets and especially analysing the positional accuracy and completeness. Haklay’s results 
showed that an average overlap of almost 80 % and variability between 60 %–89 %, the OSM 
dataset provided a good representation of motorways. The level of completeness was analysed 
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by comparing the lengths of lines of OSM and Meridian datasets for the whole England. This 
result showed that OSM contributors had captured only 29 % of England at the time. 
 
Ather (2009) compared in his research the positional accuracy of A-roads and B-roads of 
Ordance Surveys MasterMap ITN layer in London to OSM datasets. Ather got results that on 
the whole the percentage overlap for all the roads was very high and the larger road type had 
better results than the smaller road types (Ather 2009: 57). However, the study areas were in 
London, which has quite good coverage in OSM, so if some other region had been under the 
analysis, the results could have been significantly different.  Ather (2009) also tested the road 
name attribution completeness. These results showed that the areas with higher percentage 
overlap also had higher level of road name completeness.    
 
Kounadi’s (2009) study area was located in Athens. Kounadi compared OSM datasets with the 
dataset from Hellinic Military Geographic Service (HMGS) by analysing completeness of 
lengths and names, thematic accuracy and positional accuracy. The results showed that the 
completeness of lengths was very good with a percentage above 75 %.  The completeness of 
names was only 26 %, where the roads that have been named were mainly main and long 
roads. The results of thematic accuracy showed that only 33 % of the roads match in terms of 
road type between the datasets. Then instead the name accuracy was very good, as only 2.4 % 
of the roads were labelled incorrectly. Kounadi found out that the positional accuracy is quite 
good as most of the roads had an overlap greater than 90 % (Kounadi 2009: 53–58).  
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3 Materials and methods 
 
OpenStreetMap is far and away the most famous of volunteered mapping projects, so it was 
natural to choose it to a target for this case study. In the first viewpoint (which will be called 
“pilot project” later on) the quality of OpenStreetMap data will be studied and in the second 
approach, the concentration will be on analysing the contributors of OpenStreetMap.  
 
3.1 Pilot project 
 
The aim of the pilot project was to follow, what occurs when a high quality geographic data 
are released freely to the contributors of OpenStreetMap, and later on to compare the data 
created by OSM contributors to the data of public authorities.  
 
The project started when Finnish Geodetic Institute (FGI) granted OSM project rights to edit 
the map based on their aerial imagery (in October 2010). The aerial imagery was shared so 
that OSM contributors could insert it into WMS plugin in OpenStreetMap editors JOSM and 
Merkaartor, so that contributors could trace edits based on the imagery. The aerial imagery 
was also possible to use as a background image in Potlach. It was asked that contributors 
would  tag  every  changeset  they  make  based  on  the  aerial  imagery  with  a  tag  
“source=gl_orto”1. The information of the available aerial imagery was announced in OSM 
Wiki (see figure 10) and link to this Wiki page was sent to OpenStreetMap’s IRC channel, and 
OpenStreetMap forum for Finnish users, as well as to the wall of OpenStreetMap Finland’s 
Facebook page. All this information was written in Finnish. Edits made by OSM contributors 
were followed for two months. 
 
The completeness and the positional accuracy of the OpenStreetMap data were analysed, and a 
visual comparison between the datasets before and after the pilot project was made. Also 
attribute data were analysed. Some parts of communication the OSM community had in OSM 
IRC related to the release of the aerial imagery were analysed shortly, as well as the number of 
contributors in the study area.                                                       1   GL refers for the Finnish name of Finnish Geodetic Institute, Geodeettinen laitos  
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Figure 10. The announcement of the release of the aerial imagery in the OSM Wiki page 
(OSM 2011h). 
 
3.1.1 Study area  
The study area is located in southern Finland, approximately 25 kilometres northwest from 
Helsinki city centre. It covers approximately 250km2 in the municipalities of Espoo, 
Kirkkonummi, Nurmijärvi and Vihti, and Nuuksio National Park falls inside the study area. In 
addition to the national park area, the study area covers few centres of population, and some 
scattered settlement with fields around them. From the map of the study area can also be seen 
the roads that were under analysis in the study (see figure 11 and table 2). 
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a.   b. 
 
c. 
 
Figure 11. Study area. Location of study area in Finland (a.); Location of study area in 
southern Finland (b.); Map of the study area with the road network studied (c.) (Map data from 
Topographic Database, National Land Survey of Finland 2010). 
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Table 2. Road classification and descriptions by National Land Survey of Finland 
(Maanmittauslaitos 2010b: 16) 
Road type Description 
Road Ia Motorway with two or more lanes in a roadway 
Road Ib Other road than motoway with two carriages with two or more lanes, 
 
or one carriage with two or more lanes, the width of carriage is over 8m 
Road IIa One carriage, double-lane, the width of the roadway is 6,5-8m 
Road IIb One carriage, double-lane, the width of the roadway is 5-6,5m 
Road IIIa One carriage, single-lane, the width of the roadway is 4-5m 
Road IIIb One carriage, single-lane, the width of the roadway is 3-4m 
Road One carriage, single-lane, the width of the roadway is less than 3m 
Drive path  
Footway or  
cycleway 
Path   
 
The Nuuksio National Park was established in 1994 and because its location in southern 
Finland, it is affected by broken bedrock and consists of an intricate mosaic of habitats. The 
landscape is dominated by the valleys, gorges and the topography of sharp rocky hills reaching 
the height between 27–114 metres above the sea level that were formed by the Ice Age. Also 
broad, but rough forests, as well as countless number of small lakes and ponds are dominating 
in the area. Some of the lakes have brown water and are surrounded by open bogs, while some 
have clear water and rocky shores. The study area is located in the border of the oak forest 
zone and the southern boreal forest zone. The damp gorges are dominated by moist forests and 
spruce and pine mires, and on the base of the rocks the vegetation is luxuriant (Metsähallitus 
2011a, 2011b; Valtion ympäristöhallinto 2011).  
 
Nuuksio National Park area is known for flying 
squirrels living in the area. In addition to the flying 
squirrels, a numerous species of animals and plants 
that are endangered in Finland live in the area. 
Another speciality in the area is the turf floats of lake 
Mustalampi, which were born when a dam, built in 
the 1950s, caused the water level to rise and the turf 
floats  around  the  lake  to  get  loose.  Since this  they       Figure 12. Logo of Nuuksio  
have      been      floating      freely      in      the     lake         National Park (Metsähallitus 
(Metsähallitus 2011b; Valtion ympäristöhallinto 2011).     2011b).          
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The study area is a popular area for outdoor activities because of its close location to the 
capital area. Approximately half a million people visit Nuuksio every year, and especially 
weekends and holidays are busy. There are approximately 33 kilometres marked trails in 
Nuuksio and in wintertime a large network of ski tracks for cross-country skiing. In addition to 
trekking, a number of other outdoor activities are available, such as fishing, cycling, horseback 
riding, rock climbing, swimming, berry picking, and geocatching, which attract also neo-
explorers to the area (Liikuntavirasto 2010; Metsähallitus 2011c). 
 
Apart from this study, Finnish Geodetic Institute has conducted a number of other researches 
in this “Nuuksio test environment”, for which diverse data sets containing geospatial 
information have been collected, for instance a Digital Elevation Model (DEM) that is based 
on laser-scanned data. On-going researches in the Nuuksio test environment are for instance, a 
study of map services for outdoor leisure activities supported by social networks (“MenoMaps 
II”), and a study of haptic, audio and visual interfaces for maps and location based services 
(“HaptiMap”) (Sarjakoski et al. 2007; FGI 2009: 30). 
 
3.1.2 Materials 
 
Materials used in the pilot project were a high-resolution aerial imagery from Nuuksio 
National Park (FGI 2007), the Topographic Database from National Land Survey of Finland 
(2010), and OpenStreetMap datasets before and after the pilot project (Geofabrik 2010b, 
2010c). The GIS software used for the analysis was ESRI’s ArcMap 10.0 (ESRI 2010) and 
open source GIS software Quantum GIS 1.5.0–Tethys (QGIS 2010). Microsoft Excel was 
used for statistical analysis (Microsoft 2010b). 
 
The digital colour and infrared aerial imagery was from the Finnish Geodetic Institute. The 
ground resolution of the aerial imagery captured in 2007 was 20 centimetres. Aerial imagery 
covered exactly the study area (see figures 13 and 14) (FGI 2009: 30).  
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Figure 13. Aerial imagery of study area (FGI 2007).  
 
 
Figure 14. Aerial imagery of resolution 20 cm opened in JOSM.  
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From the National Land Survey of Finland (NLS), the Topographic Database was used to 
compare the OSM data with. Topographic Database was downloaded from PaITuli-geospatial 
data service (service provides geospatial datasets for research and education use in Finnish 
Universities and Polytechnics) in shapefile format (PaITuli 2011). The scale of the database 
was 1:10 000 and it was from the year 2010. The Topographic Database covers the entire 
Finland and it is a basic databank and the source of most accurate and uniform information for 
map products. The most important objects of the database are the road network, buildings and 
structures, administration boundaries, place names, land use, water systems and altitudes. 
Different objects have different positional accuracy requirements, the requirement for the most 
of the build objects being three meters, and the positional accuracy for the roads is 
approximately five meters. However, by the sampling survey made, the positional accuracy of 
the road network has been discovered to be three metres. The road network is being updated 
continuously, administration boundaries every year and other elements every 5–10 years 
(Maanmittauslaitos 2010c, 2010d; Topographic Database, National Land Survey of Finland 
2010) 
 
Two OpenStreetMap datasets were downloaded from Geofabrik, one before the release of the 
aerial imagery and the other two months later, to be able to compare the effect of the release of 
the aerial imagery (Geofabrik 2010b, 2010c). The datasets were separated into three layers 
(line, polygon and point). Before the release of the aerial imagery of FGI, the aerial imagery of 
Yahoo! had covered the area and it had been used for editing the map. Microsoft released their 
Bing aerial imagery in December, but the pilot project was concluded just before, so the 
release of Bing had no effect on the results of this study.  
 
For the visual analysis, print screens from the OSM of the pilot area were captured all through 
the pilot project, also before the release of the aerial imagery. Print screens were captured 
from different subareas aerial imagery covered (OSM 2010g, 2010h).  
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3.1.3 Preparation of datasets  
ArcMap 10.0 (ESRI 2010) was used to analyse the NLS and OSM datasets, and to compare 
them with each other. Before starting the analysis, some pre-processing was done for the OSM 
datasets. Datasets were in different data formats and in different projections; NLS data were as 
SHP  file  in  ETRS-TM35FIN  and  OSM  data  as  OSM  file  in  WGS84.  OSM  data  were  first  
opened in Quantum GIS 1.5.0–Tethys (QGIS 2010) as it opens OSM files. In QGIS the OSM 
files (three layers: points, lines and polygons) were saved in SHP format to be able to open 
them in ArcMap 10.0. At the same time, their projection was set to ETRS-TM35FIN to be 
equivalent to NLS datasets. 
 
After this, files were opened in ArcMap. From NLS data, the layer including road data was 
chosen and from OSM the dataset with lines was chosen. Because NLS data were downloaded 
in two different datasets, they were combined using merge-tool. As datasets from OSM and 
NLS included more data than the aerial imagery covered, only the data from this area were 
selected for the analysis by using the outline of aerial imagery that had been digitized. 
Datasets downloaded both NLS and OSM were so covering only the area that aerial imagery 
covers.  
 
The next task was to edit attribute table of OSM lines for the completeness and positional 
accuracy analysis because tags were not separated into their own columns. There were also 
other line elements than roads, such as water streams, power lines and fences, which were 
deleted. The road type field was added, and the types of roads added to it. There were a small 
number  of  objects  that  had  no  tags.  These  objects  were  visually  compared  with  the  NLS  
dataset. If it was clearly seen that the object is a road that exists in NLS dataset as well it was 
included in the OSM road data, otherwise the object was deleted.  
3.1.4 Completeness 
 
The completeness of a road network can be determined by calculating the total length of the 
roads of one of the dataset providers within predefined area and then comparing it within the 
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total length of the roads of the other provider within the same area. If there is a difference in 
the overall lengths, it indicates that one of the datasets is more complete that the other (Zielstra 
& Zipf 2010: 3).  
 
First task when analysing the completeness was to calculate the length of the roads to a new 
column to both NLS and OSM attribute  tables.  The sum on the lengths was then compared 
with each other to find out the completeness of the whole road network of OSM dataset. 
Completeness was calculated to the OSM dataset before the release of the aerial imagery and 
to the dataset two months after the release in order to see if the release had had an effect on the 
completeness of OpenStreetMap road data.  
 
3.1.5 Positional accuracy 
 
As pointed out earlier, positional accuracy refers to “the accuracy of the position of features or 
geographic objects” (Coote & Rackham 2008: 9). In this study, the positional accuracy of 
OSM roads was under examination.  
 
The road types did not match with each other between OSM and NLS datasets.  The road 
types in the OSM datasets were labelled as “motorway”, “motorway_link”, “trunk”, 
“trunk_link”, “secondary”, “tertiary”, “residential”, “track”, “service”, “path”, “cycleway”, 
“footway”, “road” or “unclassified”. In NLS dataset, roads were instead classified as road Ia, 
road Ib, road IIa, road IIb, road IIIa, road IIIb, road, drive path, footway or cycleway, or path 
(see table 2 for the descriptions of the road types). The classification of the roads in the two 
datasets was not matching, for example the roads classified as road IIIa in NLS dataset were 
classified in OSM data for instance as “motorway_link”, “trunk_link”, “secondary”, “tertiary”, 
“residential” or “unclassified”, so the analysis of positional accuracy could not be done 
without selecting the exact roads. Because the NLS data were considered as higher quality 
data, the road attributes of OSM datasets were edited to match NLS classification. After the 
classification, SQL query was done to separate each road type to its own dataset and they were 
saved as their own layer.  
 
   
 51
After this the datasets still needed editing as the length of the roads did not match, and there 
were some extra roads that one of the datasets was missing. The datasets were edited by 
deleting the roads that did not exist in the other dataset as otherwise the results of the analysis 
would have been misleading. Also the roads were edited to cover exactly the same length by 
splitting the road first and then deleting the part of the road that was longer than the road from 
the other dataset (see figure 15). So when analysing the positional accuracy of the roads, the 
completeness problems were not taken into account. Due to time restrictions, positional 
accuracy analysis was done only to the bigger roads (road types Ia, Ib, IIa, IIb and IIIa).  
 
 
Figure 15. Roads before (a.) and after (b.) splitting.   
 
Positional accuracy analysis was carried out using buffer technique developed by Goodchild 
and Hunter (1997), as this technique has been used in the earlier researches investigating the 
quality of OSM data (see figure 16). This technique uses ‘True’ coastline with high quality 
that is accepted as being the ‘truth’, and the coastline to be tested. Around the ‘True’ coastline 
a buffer of width x is then created and then the proportion of the length of tested coastline that 
falls into the buffer zone is calculated and so the level of accuracy of the tested coastline can 
be resolved (Goodchild & Hunter 1997: 301). 
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Figure 16. Buffer technique developed by Goodchild & Hunter (Goodchild & Hunter 1997: 
301) 
 
Creating different sizes of buffers (1m, 2m, 3m, 4m, 5m, 6m and 7m) to the NLS datasets 
started positional accuracy analysis. Then the OSM road datasets were clipped by the buffer 
layers and the percentage of OSM roads lying within NLS buffer was counted by comparing 
the length of the clipped road to the original length of the road (see figure 17). This analysis 
was done to the OSM datasets that were captured both before and after the release of the aerial 
imagery to see whether the release of the aerial imagery had any effects on the positional 
accuracy of the roads. 
 
a.        b.
      
  
Figure 17. Positional accuracy analysis. A buffer of three metres generated over NLS road 
(a.); OSM road clipped by the buffer (b.).  
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3.1.6 Visual analysis 
 
Visual analysis was carried out by comparing the print screens taken from the OSM map 
before and after the pilot project with each other, and analysing the changes between these two 
maps. The map of the entire study area as well as three subareas were analysed. 
 
3.1.7 Attributes  
A map is a generalisation of the real world and everything that is seen in the field cannot be 
fitted into a map. That is why the objects that end up on a map have to be chosen, and the 
objects that are chosen depend on for what purpose the map is made.  
 
A comparison between the attribute data of OpenStreetMap and the attribute data of National 
Land Survey was made to compare the attribute data found in these maps in order to see what 
kind of differences these two maps have. The comparison was made by both visually 
comparing the maps and by comparing the attribute tables to see the attribute data of objects.  
 
When the release of aerial imagery was announced in OSM Wiki, it was asked that all the 
edits which source is the aerial imagery from FGI would be tagged as “source=gl_orto” to be 
able to follow and analyse the exact objects edited based on the aerial imagery. After the pilot 
project only 50 % of the objects edited during the pilot project were tagged with this tag, even 
though it can be assumed that a bigger per cent of the objects were edited with the help of the 
aerial imagery. Due to the missing tags, the exact objects tagged as “gl_orto” were not 
analysed or compared with the objects from other source, as the result could not had been 
considered as true. 
 
3.1.8 Community  
 
The community and contributors of OpenStreetMap are analysed more in depth in chapter 4.2, 
but some observations of the community related to the pilot project were done in this part of 
the study. The number of contributors and the number of edits per each contributor were 
analysed using ArcMap and Microsoft  Excel.  Some objects  had been edited many times by 
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many people, so there have been more contributors altogether editing the map of study area 
than the results show, but in this case, only the last person to edit each object was taken into 
account. The contributor might have done only little changes to the object, such as moving the 
location of few nodes. The number of edits per each contributor was counted by summing up 
the point, line and polygon features, which had last been edited by the contributor. In addition, 
the discussion on OpenStreetMap’s IRC channel for Finnish people after the release of the 
aerial imagery was followed to observe how the users reacted to the release, and what kind of 
conversation the release generated.  
 
3.2 Web inquiry  
 
In addition to the quality of data produced by volunteers, it was interesting to study the people 
behind the project. This part of the study was implemented by conducting an inquiry to the 
OpenStreetMap contributors, and by analysing these results. The aim of the inquiry was to 
find out facts, such as, what kind of people are OpenStreetMap contributors in general, what 
are their motivations to contribute, how do they map in practise, and if they exploit the data 
they and the others have mapped. These facts are interesting because one cannot know this 
information just by looking the result map, but only by asking the questions from the 
participants themselves.  
 
3.2.1 Materials 
 
The inquiry was conducted in December 2010 and in January 2011. The inquiry consisted of 
two parts; the first part consisted of general questions and the questions of background 
information, and the second part consisted of questions about OpenStreetMap. Answering the 
inquiry took approximately from five to ten minutes according to the testees. The data 
collection was closed when the number of responses had clearly reduced. The entire inquiry 
form can be found from the end of this paper (Appendix 1). Originally, it was thought to 
explore the OSM contributors only in Finland, but because OSM is still in its infancy and too 
few people are active contributors of OSM in Finland, it was decided to ask OSM contributors 
around the world to take part to the inquiry in order to get a bigger sample.  
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3.2.2 Methods  
 
The inquiry was carried out by an inquiry in the Internet. Data collection was conducted by 
sending an invitation message and a link to the inquiry to OpenStreetMap forums (27 forums 
in total, each of them were meant for users from specific country), so that users who browsed 
these forums could see the invitation message easily. The invitation message was also sent to 
the e-mail list of OpenStreetMap, called ”talk”. The inquiry was conducted in English. It was 
realised that some people might have not answered the inquiry because of the language barrier. 
For example, in the forum of Germany, one user asked if someone could translate the inquiry 
into German, as the person asking did not understand English. With the help of active German 
users, the questions were quickly translated and people without English skills were able to 
answer the inquiry as well. This proves that for example language barriers can be a problem, 
but these problems can easily be solved with only a bit of effort.  
 
The target group of the inquiry was OpenStreetMap users who take part to the editing of 
OpenStreetMap. The sampling method used was non-random sampling and in particular 
convenience sampling. In the non-random sampling, respondents are selected on the basis of a 
particular set of characteristics, which in this case are people who are OSM contributors and 
use either OSM forums or receive the e-mails from the mailing list used, so they were 
informed of the inquiry. In the convenience sampling, a sample population is selected because 
it is readily available and convenient. The disadvantage of the convenience sampling is that 
statistical generalizations about the total population cannot be made based on the sample, 
because it would not be representative enough (Anttonen 2005: 288–289). However, I believe 
I got a good picture of those people who really do use OSM, because as mentioned earlier, 
most of the edits are made by a small group of people, and I believe these active ones follow 
the channels of communication actively. It is believed that the users who answered the inquiry 
are also active contributors of OpenStreetMap. This was important to keep in mind, when 
analysing the results. The main research method used in the inquiry was analysing the data 
statistically  using  the  Microsoft  Excel  software.  Methods  included  for  example  cross  
tabulation and descriptive analysis.  
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4 Results and analysis 
4.1 Results of the quality analysis 
4.1.1 Completeness  
The length of NLS road dataset was 1181.1 kilometres and both of the OpenStreetMap road 
datasets were compared with this length. In October, before the release of the aerial imagery, 
the length of the OSM road dataset was 601.0 kilometres. This means the completeness of 
OSM road network compared with the NLS dataset was only 51 %. The total length of OSM 
roads at the end of the pilot project was 904.8 kilometres. The difference to the NLS dataset 
was 276.3 kilometres and the completeness of OSM road network compared with the NLS 
dataset was 76.6 % in December, two months after the release of the aerial imagery. However, 
it has to be taken into account that OSM and NLS datasets were not completely convergent, 
which means that there exist roads and paths in the OSM dataset that does not exist in the NLS 
dataset and vice versa. 
 
In addition to the completeness, a noticeable observation was that during the pilot project the 
data size of the entire Finland in OSM grew six megabytes, and the size of the data in the 
study area grew almost 1.3 megabytes, which is really notable as the study area compared with 
the area covering the entire Finland is so small. These results confirm that providing a high 
quality background data for editing for OSM contributors had a remarkable effect on the 
OpenStreetMap project.  
 
4.1.2 Positional accuracy 
 
Figure 18 illustrates the percentage of different OSM road types overlapping NLS roads 
before and after the pilot project with different buffer widths. Only the road type Ib had bigger 
overlap with buffer sizes one and two meters before the release of the aerial imagery, in all the 
other road types the overlapping percentage improved after the release of the aerial imagery 
with all buffer widths.  
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Before the pilot project started, the roads belonging to the class Ib had the best positional 
accuracy with the buffer size of one meter (35 % of the roads overlapping), but after the pilot 
project, the roads IIb had the biggest percentage of overlap in one meter buffer size (69.4 %). 
With the widest buffer size, seven meters, all road types had at least almost if not completely 
100 % overlap after the pilot project. The most significant enhancement in the positional 
accuracy occurred in road types IIb and IIIa, which accuracy was not as good as the accuracy 
of the other road types before the release of the aerial imagery. After the pilot project, the 
positional accuracy of all the analysed road types had no significant differences. 
 
As the positional accuracy of NLS data is officially five metres, and by the sampling survey 
made, the positional accuracy of the road network is discovered to be three metres 
(Maanmittauslaitos 2010d), the road datasets were compared with these buffer widths (see 
figures 19 and 20). With the buffer width of five metres, all the road types achieved over 95 % 
overlap after the release of the aerial imagery, and with the buffer width of three metres the 
overlap was still well above 80 % in all road types. These results show that the percentage 
overlap between OSM and NLS is very high, indicating that the accuracy of OSM is quite 
good, and the improvement that occurred in the positional accuracy during the pilot project is 
significant. 
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name of areas with a tag of land use after the pilot project. When comparing the maps, also the 
shapes of lakes and ponds have sharpened and lots of new roads have been edited to the area. 
The northeast corner is especially outstanding, because the edge of the aerial imagery can 
clearly be seen, as the edits end sharply in the corner. 
 
Veikkola area is one of the best examples showing the development of the OpenStreetMap 
that occurred during the pilot project. Before the pilot project, the main roads had been 
mapped, as well as few big buildings and two lakes, but not much more. After the pilot project, 
the shapes of lakes have sharpened and a great number of houses have come up to the picture. 
Also some land use areas have been added and the positional locations of roads have changed 
in some parts (see figure 22).  
 
From the northeast corner of the figures of Lakisto area (Figure 23) can see where the edge of 
the aerial imagery has been as the edits suddenly end. Also the exact work of editing land use 
areas can be seen. For instance the golf course seen in the middle of the “after” picture with 
green and light green colours shows the fineness of detail and the detailed work the 
OpenStreetMap contributors have done. 
 
Figure 24 from Haukkalampi has been captured from JOSM with the aerial imagery on the 
back and the edits of the Haukkalampi area uploaded from the OSM on the top. In the ”before” 
picture, the shape of the pond is more generalized with fewer nodes, whereas in the ”after” 
picture, the shape is more exact with more nodes and the edited outline of the lake follows 
exactly the edge of the lake seen in the aerial imagery. 
 
 
 
 
 
 
 
 
   
 61
   a. 
 
   b. 
 
Figure 21. The study area before (a.) and after (b.) the pilot project (OSM 2010g, 2010h).   
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       a. 
 
       b. 
 
Figure 22. Veikkola area before (a.) and after (b.) the pilot project (OSM 2010g, 2010h).  
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       a. 
 
       b. 
 
Figure 23. Lakisto area before (a.) and after (b.) the pilot project (OSM 2010g, 2010h).  
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 a. 
 b. 
 
Figure 24. Haukkalampi before (a.) and after (b.) the pilot project (FGI 2007). 
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4.1.4 Attributes 
 
There were a number of attributes found in OpenStreetMap that did not exist in the datasets of 
National Land Survey. Moreover in many cases there was a lot of attribute data added to the 
attributes in OSM, which was not the case in the NLS data. All the differences the maps had 
are not gone through here, but some examples.  
 
OpenStreetMap had plenty of objects tagged as the amenity that did not exist in the map of 
NLS. Some examples of these are bus stops, ATMs, postboxes, and speed cameras. It is 
understandable that these kinds of objects are missing from the maps of NLS, as they are not 
part of the traditional infrastructure that the map of NLS mainly represents. OSM is mostly 
made by unprofessional mappers for similar people as themselves, so the location of the 
closest ATM can be beneficial information, even though maybe not the most vital for the 
whole community.  
 
In OSM there were plenty of attribute data added to the objects. Some of the attribute data 
included useful information, such as speed limits on a road, or the website address and the 
opening hours of local café, whereas some of the information was more unessential, such as, 
whether there is a shelter and a trash bin in a bus stop, how long time one is allowed to park in 
a parking place and how much it costs. Some useful additional information, especially in 
Finland in the dark wintertime, was the information whether or not the cycleways, footways 
and paths have streetlights. Other examples of the attribute data added to the objects was for 
instance, whether the public toilet is free or chargeable, or that the recycling place includes 
recycling bins for glass, clothes, metal, and paper.  
 
Because the study area covers lots of paths and tracks in a popular outdoor area for trekking 
and for mountain biking, a good description or these tracks is useful. In the data of National 
Land Survey, the paths had no additional information added to their attribute data. Many of 
the tracks and paths in OpenStreetMap had more information included, such as whether they 
are paved or unpaved, how is the smoothness of the path and in some cases even what kind of 
curb there is in the cycleway route. For cyclists the information of the level of uphill and 
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downhill is needed, as well as the difficulty level of the track that can be graded with numbers 
from one to five.  
 
Sometimes OSM contributors had made excess by adding all the available information related 
to the object, such as the colours of the buildings or the note that the roof of the building is 
rusty. Sometimes it is good to have some extra information, but too much information is not 
good either. To choose where to draw the line can be a problem. Also, for example mapping 
the location of trampolines in private gardens does not make much sense, as they are not out 
and in the use the year around, and also their location is changeable.  
 
OpenStreetMap faces the problem of language barriers. Even though the tags are mainly 
written in English all around the world, the additional information or comments can be written 
in some other language. For example in the study area, some notes and comments were written 
in Finnish. I think this is not a problem in general, as mostly people in the country, which map 
they are editing, know the language that is spoken there, but it can cause lack of 
understandability among people who do not know the language.  
 
4.1.5 Community 
 
As pointed out earlier, in OSM only a little group of people make the most of the edits. Before 
the pilot project, it took seven people to collect more than 50 % of all collected features in the 
study area, whereas after the pilot project, only three contributors had edited more than half of 
the collected features (see figure 25). Figure 26 shows the edits made in the study area by the 
five contributors who had done most of the edits after the pilot project. This figure also 
illustrates how some areas have been mapped by almost only by one contributor. A closer look 
at the contributors, who had been editing the roads that were studied in the positional accuracy 
section, revealed that only one contributor had edited some road classes. For example roads 
belonging to the class Ia were edited by only one contributor, roads belonging to the class IIb 
were edited by four contributors, and other road types had had more contributors editing them. 
This concretizes how the individual contributor can have a huge impact on the quality of the 
data. 
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Figure 26. Edits of top 5 contributors in the study area after the pilot project. Note that 
contributor may have done only little changes to the object, not edited the entire object.  
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In IRC, people were really enthusiastic when they heard of the release of the aerial imagery, 
and  started  immediately  to  make  edits  by  using  the  aerial  imagery  of  FGI  as  a  source.  
According to the IRC conversation, contributors had a good trust on the quality of the aerial 
imagery, and were willing to do in situ survey afterwards to add some attributes to the new 
objects they had edited that could not have been edited from the imagery. The aerial imagery 
was captured in 2007, so contributors also found some objects that had changed from that time, 
such as new roads and new buildings that had been built, or buildings that had been 
demolished after the capture of the aerial imagery, which means that the contributors did not 
have a blind trust in the provided data.  
 
IRC discussion revealed that even contributors chose by themselves what to map, there was 
some discussion about what should be mapped. For example, it was asked if someone could 
draw the outline of the aerial imagery. Contributors were also telling to each other what 
objects or what area they were going to map next to avoid doing duplicate work. Contributors 
taking part to the IRC discussion were also asking help from each other, for instance, asking 
how to tag specific objects, and it was clear that others were happy to help immediately and to 
share their knowledge.  
 
4.2 Results of the web inquiry 
4.2.1 Structure of the sample  
In total 245 responses to the inquiry were received. OpenStreetMap is clearly extremely 
gendered, as 98.4 % of the respondents were males. Even though my presupposition was that 
most of the contributors are males, the predominance surprised. The age distribution was wide, 
as the youngest respondent was 15 years old and the oldest was 73 years old. The mean age of 
the respondents was 34.1 years. In total there were respondents from 34 countries with most 
popular countries being Russia (46 respondents), Germany (41 respondents) and Finland (30 
respondents). OSM seems to be used before all in Europe, as over 90 % of the respondents 
were European citizens. The continent with second most responses was North America 
(4.1 %) followed by Asia (1.6 %), South America (1.2 %), Oceania (1.2 %) and Africa (0.4 %). 
In this classification, Russia is included in the European countries (see figure 27).   
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Figure 27. Respondents of the inquiry by country. Respondents on the world map (a.); 
Respondents in Europe (b.) (background map from Maptell 2011).   
 
Most of the respondents (62 %) said they have been part of the OpenStreetMap community for 
1–3 years. 10 % of the contributors have been editing OSM less than half a year, and 13 % are 
experts in OSM as they have been editing OSM for more than three years (see table 3). Almost 
half of the respondents stated they take part to the project weekly, and one-third takes part 
daily. This shows that people who edit OSM are really active and keen on the project. Anyway, 
as stated earlier, it has to be remembered that people who answered the inquiry were probably 
also the most active contributors. The fact that most of the contributors of VGI are untrained 
amateurs was proved to be true, as only 14.7 % of the respondents use spatial data in their 
daily jobs. 44.9 % of the respondents take part also to other projects than OpenStreetMap that 
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are based on voluntariness. These contain projects such as Wikipedia, Wikimapia, and other 
wikipages, as well as operating systems, such as Linux, Ubuntu and Debian. Furthermore, 
several other projects from church social work to making free games were mentioned by the 
respondents. 
 
The respondents were highly technologically oriented and especially interested in information 
technology, as almost 67 % of the respondents stated that they are interested in information 
technology  to  a  great  extent,  and  almost  half  of  the  respondents  were  interested  in  
programming to a great extent. OSM contributors also seemed to like outdoor activities at 
least somewhat (over 80 %), which is not a surprise, as according to respondents, more than 
50 % of the data are collected on foot or by bicycle (see figure 28).  
 
Table 3. Demographics of respondents. 
Demographics   Number Percentage (%) 
    
Gender Male 241 98,4 
 Female 4 1,6 
    
Age Age 15-24 44 18,0 
 Age 25-34 106 43,3 
 Age 35-44 50 20,4 
 Age 45-54 24 9,8 
 Age 55-64 18 7,3 
 Age 65-74 2 0,8 
    
Experience with OpenStreetMap Less than half a year 25 10,2 
 Half a year-year 36 14,7 
 1-3 years 152 62,0 
 More than 3 years 32 13,1 
    
Uses OSM Daily 81 33,1 
 Weekly 112 45,7 
 Monthly 37 15,1 
 More sparsely 15 6,1 
    
Change in activity compared to earlier Less active 55 22,4 
 As active 116 47,3 
 More active 74 30,2 
    
Job contains working with spatial data Yes 36 14,7 
 No 209 85,3 
    
Takes part to other projects based on Yes 110 44,9 
voluntariness No 135 55,1 
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Figure 34. Mapping experience affecting to the activity to map objects. 
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The most often used methods of collecting data were tracing from aerial imagery (69 %) and 
using GPS-device (56 %). 56.3 % of those who trace from aerial imageries said they do also in 
situ survey in the area before editing. Over 60 % of the contributors stated that they may first 
trace from aerial imageries, but afterwards they will do in situ survey. For example one 
respondent commented this as:  
 
“I do survey after the initial mapping pass using aerial imagery and add names and 
POIs, remove error made while tracing and add stuff that is newer than the imagery.”  
  Male, 27 years, Germany 
 
Most uncommon ways of collecting data were using a GPS-enabled sport watch, voice 
recording, and a car or motorcycle navigator (see figure 35). A number of other methods of 
collecting data were mentioned, such as using video camera, GPS data logger, out-of-
copyright maps or laptop with GPS receiver. Also mapping based of local knowledge, making 
notes when collecting data, and collecting data from the Web (for instance the street names or 
names of shops) were methods mentioned. Almost all of the contributors said they fix errors 
found in the data at least seldom. Kinds of errors respondents fix are for instance incorrect tags 
or objects, wrong names, duplicate nodes, unconnected roads, typographical errors, out-of-
date information and geometry errors. 
 
When  choosing  which  areas  to  map,  almost  half  of  the  respondents  (44  %)  said  they  first  
check from OSM what is missing and then go to the area on purpose (Figure 36). 37 % of the 
respondents save the routes they travel anyway and upload the tracks to OSM if they are 
missing. Many of the respondents also said they use both of these methods. Other ways to 
choose mapping areas were for example, mapping the places the user needs a map of, or 
talking with people about what kind of maps they need and help them with drawing. 
Respondents stated they mainly map the area where they live (neighbourhood or city) or the 
places they are intended to go or have visited before. Even though people seem to be mostly 
interested in to map the areas they can visit by themselves, 76.3 % of the respondents said they 
map also areas they cannot exploit by themselves. 
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Figure 36. Ways how respondents choose mapping areas. 
 
4.2.4 Motivation to participate 
 
People have a range of reasons for getting involved in the OpenStreetMap project. As can be 
seen from figure 37, the reason that most of all motivates people to map is that they want to 
make maps better (82.9 % of the respondents). As mentioned earlier, people mostly map the 
area where they live in, and one of the top motivators to map according to the responses is the 
will to have their neighbourhood mapped (55.9 %). The uniqueness and up-to-dateness of 
OSM motivates contributors a lot, as many contributors (52.2 %) said they want to create new 
information that does not exist on the other maps, and to create information that is up-to-date 
(56.3 %). Also the free use of OSM maps motivates contributors, as more than 60 % said that 
at least somewhat the opposing of copyrights, charges, and limited use of other maps 
motivates them to map. More than half or the participants (53.9 %) stated all the geographic 
data should be open to everyone. Last but not surprisingly, one of the key motivators was that 
mapping is fun (64.9 %).  
 
 
 
44 %
37 %
19 % Checks from OpenStreetMap map what is missing and goes to the area on purposeSaves the tracks used anyway and uploads them to OSM if they are missingSome other way
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” I can't stop, it's like a drug. Really funny to keep on mapping. Perfect way to keep the 
body in shape, if mapping via bike.” 
 Male, 28 years, Sweden 
 
”Charity (e.g. mapping third world countries)” 
 Male, 37 years, Belgium 
 
”I learn about useful shortcuts and local history when mapping. Often it is an 
adventure to see where a path ends to. It can turn out to be a dead end, or a useful 
shortcut.”  
Male, 37 years, Finland 
 
” I like contributing to a common good because I use common goods as free software, 
data...”  
Male, 51 years, France 
 
Almost all of the respondents (93 %) said they have exploited OSM data by themselves. There 
were not any specific ways how people have exploited OSM data that significantly stands out. 
According to the responses, the most popular way to exploit data is to download data into a 
mobile device. Also downloading maps into a navigator, printing maps, attaching them to a 
website, or using the data to make one’s one map were popular ways to exploit OSM data 
(Figure 38). In addition, the attribute data of POIs, such as phone numbers, had been used. All 
in all, there are countless numbers of ways to exploit OSM data. 
 
”If you combine OSM with free GIS applications, you have the freedom to play with 
mapping. This can also assist people who wish to move into that field as a career. Also, 
clubs like cycling and bushwalking can benefit from making their own maps of routes.”  
Male, 50 years, Australia 
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Figure 38. Different ways how respondents have exploited OSM data.  
 
4.2.5 Community and communication 
 
Community seemed to be important for OSM contributors. 88.1 % of the respondents said that 
it is important that they can communicate with other OSM users in forums, in IRC, and in 
OSM Wiki. Over half of the respondents said they have met some other OSM contributors 
face-to-face. Respondents considered communicating with other contributors important, 
because they can ask help for their problems from other contributors. Communication 
channels were also stated important for discussing of mapping errors, rules or changes of 
software or license, and they were considered important for keeping the map sane and 
coordinated. OSM Wiki is also used for documentation, which makes it important.  
 
”The community makes OSM a living thing, not just a geospatial database.”  
Male, 24 years, Moldova 
 
”Communication clears things and people have better understanding and agreement 
how things should be presented.” 
 Male, 46 years, Finland 
 
21 %
18 %
16 %15 %
13 %
8 % 7 %
2 % Downloading maps to a mobile deviceDownloading maps to a navigatorPrinting mapsAttaching a map to a websiteUsing the data to make my own mapMaking a map application using OpenStreetMap dataSaving OpenStreetMap data to a databaseOther
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4.2.6 Opinions of the quality of OpenStreetMap 
 
Nearly 90 % of the respondents answered that from their point of view, voluntarily collected 
data are up-to-date, even if it largely depends on whether the contributors in the certain area 
are active. Over 80 % agreed that the data are accurate, but almost 80 % stated the data are 
incomplete (Figure 39).  
 
” Project is young, thus all data is rather up-to-date, but it gets old.” 
 Male, 47 years, Finland  
 
”[…] without motivated locals, they (*maps of the rural areas) can only be up-to-date 
once every 5 to 10 years, or longer.” 
Male, 30 years, Finland 
 
“Data is far from being complete, but that's the point of this never ending project.” 
Male, 27 years, Belgium 
 
The question of if there exists vandalism in the data split the crowd half. People were quite 
satisfied with the data quality by answering that there do not exist lots of errors in the data. 
Despite that people considered that the data are up-to-date, accurate and do not have lots of 
errors, most of the respondents said they have a critical eye when using the data. Many 
respondents also stated that data coverage and completeness vary a lot from area to area.  
 
“Some people focus on map completeness. Some focus on accuracy. The first ones will 
"paint" large areas using either imports of poor data or run automatic vectorizer upon 
poor resolution imagery.  The second ones can't cover large areas, but will carefully 
craft a very precise maps of smaller areas. […] So, the quality of map varies 
significantly.”  
Male, 29 years, Russia 
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“The forth-coming licence change will improve the usability of the maps and data 
because there then will be no doubt about whether using CC-BY-SA maps forces the 
rest of the publication to CC-BY-SA. This will allow broadcasters and publishers to 
use OSM maps with confidence.” 
Male, 52 years, Great Britain 
 
”If the licence of OSM changes to a non-free one such as ODbL (without still 
permitting usage under CC-BY-SA), I will move with my data to another project.”  
Male, 32 years, Great Britain  
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5 Discussion 
 
The purpose of this master’s thesis was to investigate how is the quality of voluntarily 
produced spatial data by comparing them with the map data produced by public authorities, in 
order to see what the power of crowds can evoke with open data, and to get acquainted with 
the user profile of OpenStreetMap contributors. As the quality of volunteered geographic 
information has not been studied broadly yet, it is often taken with a grain. As the opening of 
data is current subject to many countries around the world, the opening of high-quality spatial 
data and following contributors and their actions was an interesting and current topic to study.  
 
5.1 The quality of the voluntarily collected spatial data 
 
The pilot project showed in a small scale, what kind of effect the opening of geographic data 
could have. All in all, the study area is relatively well-mapped two months after the release of 
the aerial imagery. The results of the study revealed that opening spatial data increased the 
amount of the data significantly. Especially the enhancement of completeness and positional 
accuracy was noteworthy and so the quality of OpenStreetMap roads compared with the road 
network of the National Land Survey of Finland can be defined as good. Positional accuracy 
of bigger roads was quite good already before the pilot project, but the effect of opening the 
data was clear when comparing the positional accuracy of the roads before and after the pilot 
project.  
 
The results of the pilot project showed that OpenStreetMap differs from the map of public 
authorities, particularly by having the amount of uncertainty, as the completeness and the 
uniformity of the data cannot be known. The completeness of the road network can be worked 
out easily by comparing the data with the higher quality data, but to find out if some separate 
objects, such as post-boxes, are missing is more complicated, if this information does not exist 
on any other map. The lack of uniformity in OpenStreetMap is a problem, as all the similar 
objects may not be tagged in the same way. I believe the using of right tags might be a 
problem especially among the new contributors, because familiarizing oneself with the big 
number of different tags and finding the right way to use each of them takes a while and a bit 
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of practice. For example in OSM, the road that is permissive for walking can be tagged among 
others as “highway=footway”, “highway=pedestrian”, “foot=yes”, “foot=designed” or 
“foot=permissive” (OSM 2011i). If not ironing out what is the difference between these, the 
tags can be used in a wrong way and different people can use them in different way, which 
makes the map heterogeneous. 
 
When  comparing  the  results  of  this  study  with  the  results  of  the  previous  studies  of  
OpenStreetMap, there were some differences as well as some similarities. All the previous 
studies were conducted in large cities, where the road networks are really different than in this 
study area. However, the completeness of roads was the same with my study area after the 
pilot project as it was in Kounadi’s study area (approximately 76 %), even though Kounadi’s 
study area was in the middle of Athens, and my study area was far away from any city centre.  
Comparing the positional accuracy with the other studies is more difficult, as the road 
classification and road widths are really different in different countries, and different size of 
buffers were used in the studies.  
 
As pointed out earlier, the quality of data has proved to be related to the number of 
contributors in certain area according to the Linus’ Law (Haklay et al. 2010: 194). In this 
study, only the number of contributors editing the roads under investigation were analysed, 
and it showed that some road types had been edited by only one contributor. This reduces the 
trustfulness of data, as other contributors are not controlling the edits. It would be interesting 
to compare, for example, if there are differences in the positional accuracy in the areas where 
there have been many contributors and in the areas where only one person has been 
contributing. However, it was proved to be true that in OSM there are only few contributors 
that edit most of the data, as in the study area investigated, it took only three contributors to 
make over half of all edits.   
5.2 Contributors of volunteered geographic information   
According to the answers got from the inquiry, OpenStreetMap has contributors around the 
world, but especially in Europe, and almost all of the contributors are males. People of all ages, 
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from teenagers to elderly people, are using OpenStreetMap. The fact that untrained amateurs 
are popular contributors of VGI was proved to be true, as only 14.7 % of the respondents used 
spatial data in their daily jobs.  
 
The results showed that a wide range of different methods for collecting data are used, with 
the most popular ones being collecting data with a GPS device or tracing from the aerial 
imagery. People tend to map mostly in the area close to their home, which is evidence that 
they want to take over their neighbourhood and their city, which are also places which maps 
they can exploit by themselves. However, not always people map only areas close to their 
home, but they map sometimes for the charity as well, as over 75 % of the respondents said 
that they also map areas they do not exploit by themselves.  
 
Almost all of the respondents stated that they also exploit OSM data by themselves. The most 
popular way to exploit data was to download it into a mobile device or into a navigator. The 
use of OSM data in mobile devices will probably increase in the future, as smartphones will 
become more popular and cheaper and new applications using OpenStreetMap data are 
developed continuously. As the results showed, over 90 % of OSM contributors exploit the 
data by themselves. I believe this increases the quality of the data, as the contributors benefit 
by themselves of the good quality of the data, which probably makes them to do their best 
when editing data. 
 
Wide ranges of features are mapped, different kinds of roads being the top one, which is 
reasonable as they are one of the key infrastructures in the cities, and the data of streets are 
easy to collect. In addition, in many cases the streets are most used and useful objects on the 
maps and they can be downloaded into a navigator for example. There were many methods 
mentioned how respondents collect data, with collecting data by bicycle and on foot being the 
most used ones. This was positive fact to find out, as the data collected by these methods have 
been considered as more exact than the data collected for example by car, as more nodes are 
collected with slower speed, which increases the positional accuracy.   
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The study revealed the mapping motivations of OpenStreetMap contributors and their 
opinions on crowdsourced data. As pointed out earlier, it is important to know the contributors’ 
motivations to map, as they clearly affect the quality and credibility of the contribution 
(Flanaging & Metzger 2008: 145). The top motivations that encourage people to map were 
that they want to help to make better maps, and to do maps that have current and unique 
information that cannot be found in any other maps. Important motivation was that mapping is 
fun, which ensures that the contributors keep on mapping in the future as well, as they enjoy 
of  it.  It  emerged  from  the  inquiry  that  respondents  appreciate  the  unlimited  use  of  
OpenStreetMap data as well as using it free of charge. The results of the study also confirm 
the guesses that Coote & Rackham (2008: 3) had that the frustration because the high costs of 
geographic data, as well as the limitations of existing data sources, are motivating contributors 
to map. The results also confirm that the pride of place is definitely one motivation to map as 
Coleman et al. (2009: 344) guessed. 
 
The community is important part of OpenStreetMap for contributors. OpenStreetMap is not a 
traditional virtual community, as contributors can meet each other in mapping parties. The fact 
that over 50 % of the respondents had met some other contributor face-to-face demonstrates 
that OSM differs from many other virtual communities. Generally the virtual communities are 
neither tied to time, place nor physical or material environments, and they have participants 
from all over the world (van Dijk 2006: 166–167). Even though OpenStreetMap has 
contributors around the globe, the ones living in the same area bond with each other more, as 
their main interest is in mapping the same area. This is a great difference if comparing 
OpenStreetMap for example with the Wikipedia. I believe the relationship with other 
contributors in Wikipedia is not as strong as in OpenStreetMap, even if the Wikipedia 
contributors share a common area of interest, and are editing the articles related to this subject. 
 
The respondents of the inquiry considered the data quality of OpenStreetMap as good overall. 
Especially the up-to-dateness and accuracy of data had assured contributors. However, as the 
project is still young, the data had not gone old yet generally, but it would be interesting to see 
how the situation will be in the future. Completeness as a whole was not convincing 
contributors, but in well-mapped areas it was considered as good, as there are lots of mappers 
   
 90
contributing, whereas in contrast the areas where there is lack of mappers, the completeness of 
the data is poorer as well. Even though the quality of OSM is considered as good, contributors 
take the maps with a grain and do not completely trust the maps. This is one of the main 
differences to the maps of public authorities, as these maps are commonly seen reliable. 
 
The results of the inquiry revealed plenty of new information about OpenStreetMap 
contributors that had not been studied before. Because of the sampling method and rather 
small sample, the results of the inquiry cannot be considered as statistically reliable. Even so, 
lots of new information of the OpenStreetMap contributors, mapping methods, motivations to 
map, and opinions of the data quality were discovered, which can be useful in future studies.  
 
5.3 Conclusion 
 
As can be sensed from the comments about the licence change, even though there were no 
questions about it in the inquiry, the little changes related to the project, such as the license 
change, can change the whole project easily. There are contributors who have made lots of 
edits to the OSM and some of the contributors are now considering removing their edits from 
OpenStreetMap when the licence changes. As all the time more and more map applications 
and online mapping pages are created, the competition between them gets harder and there are 
more projects from where the contributors can choose of. This can lead to the loss of 
contributors, if there will be a mapping site that is more useful for them and suits better for 
their purpose of use. Only the future will show how the development of OpenStreetMap 
project will be and how all the valuable data the contributors have collected will be used and 
exploited.   
Research in this field is moving ahead quickly and there are countless numbers of interesting 
future study subjects. It would thus be of interest to follow the OpenStreetMap project in the 
future, and to get answers to the open remaining questions. Will the data be out-of-date in a 
few years or will contributors be interested enough to fix the changes that will happen? If 
OpenStreetMap will be more popular, will it attract people who try to vandalise the data? Will 
the mushrooming of new technology, such as smartphones, encourage people to start mapping 
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as the awareness of spatial data increases via new available technology and applications? Who 
will preserve the results and data, and make sure that they still exist in the future? The 
maintenance of contributors and their enthusiasm to keep on contributing data is also of the 
essence. 
 
As it was proved, opening spatial data can lead to surprisingly accurate results, and a great 
amount of data were created only with a little group of active people in such a short time. It 
should be deliberated how we could benefit from the situation. Already the benefits have been 
seen with the crisis mapping, for example after the earthquakes that occurred in Haiti (in 
January  2010)  and  in  Japan  (in  February  2011).  Especially  in  Haiti,  the  help  of  
OpenStreetMap community was really important as OSM contributors were quickly tracing 
the map of Haiti from satellite imageries as it was realized that there were no good maps of the 
country. This helped rescue teams and aid organizations to direct and coordinate relief efforts, 
and it has been said that OpenStreetMap helped to save lives in Haiti (Crowley et al. 2010).  
 
However, it remains unclear, how could national mapping agencies and other public 
authorities make use of VGI. Also as the spatial data infrastructures are developing, the co-
operation of public authorities and other professionals could be beneficial. Ideal would be 
combining the professional expertise of mapping and local expertise of non-experts who are 
experts in their local area having valuable information of their area. For public authorities it 
would be a great help if VGI could be used as help in their mapping projects, but before there 
are methods of ensuring that the quality of VGI is good enough and the data can be trusted, it 
is not possible to make good use of the data. Also the question of how volunteers are disposed 
for the idea that they would map for public authorities without getting paid should be 
discovered, and consider which kind of license these data should use. Even though the number 
of neo-explorers has been growing so far, and probably still will be growing in the near future, 
an important thing to keep in mind is that no one knows how long this interest towards 
participating VGI will continue and how the future of volunteered geographic information will 
be.  
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